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To most of us the microbe is associated with corrupehee As 


and disease. Dr. Nicol, formerly Assistant Bacteriologist — 


at the Rothamsted Experimental Station, opens up int lest e 
pages a new and fascinating world in which the microb ris... 


seen as an essential member of the recurring cycle 
provides us with food and life. Decomposition is as vital 
to the continuance of life as growth is. ‘ 


The author takes-us on a voyage of discovery to observe 


the microbes’ intense. struggle for existence. He is an 
entertaining companion, and on the way, he expresses a 


philosophy of science considerably in advance of anything 
of the kind put forward in recent years. He also describes — 
experiments which, with the aid of the simplest kitchen _ 
apparatus, will enable the reader to see for himself how — 


the seething millions of the microbe world can be con- 
trolled for constructive ends. This is altogether an un- 
usual book, and one that will reveal new knowledge as 


exciting as anything you have yet encougteceds in the 


literature of science. 


‘* This little book is probably the best popular account of 
the science of microbes that has yet appeared.’’—Daily 
Worker. 


‘*A very interesting and instructive little book. It is 
written in simple language understandable by ordinary — 
folk, with a considerable sense of humour, and conveys — 


much accurate information on microbes, what they are 


and what they do.’’——Nature. any 
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other nowadays : the one, a law of blood and pete 
ever imagining new means of destruction and forcing 
nations to be constantly ready for the battlefield ; the 
- other, a law of peace, work and health, ever evolving 

new means of delivering man from the scourges Ruban 
beset him. 


“ The one seeks violent conquests, the other the reli 
of humanity. The latter places one human life above any 
victory ; while the former would sacrifice hundreds and 
thousands of lives.....” : ee 
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CHAPTER I 
INTRODUCTORY 


INFECTIOUS disease is one of the great tragedies of 
living things; so said Hans Zinsser, the American 
bacteriologist, and very few of you can have lived long 
without having had experience of that fact. 

‘Until the coming of Pasteur and Koch, who laid the 
foundations of what was called the “ germ theory of 
disease”” by demonstrating that diseases could be 
caused by minute living organisms, only vague theories 
and suggestions had been put forward to account for 
infectious disease. Towards the end of the 19th century 
for example, it was still considered that typhoid fever 
could be caused by bad smells, especially from drains, 
and that malaria was due to a “‘ miasma ”’ from marshes. 

No one now doubts that “ germs ’”’ cause infectious 
diseases, but in order that you may understand exactly 
what this book is about we must investigate a little more 
closely the content of that portmanteau word “‘ germs.” 


_ Perhaps not everybody is aware of the existence of a 


mighty host of tiny living things (micro-organisms), 
none of which are visible to the unaided eye, but which 
can be seen easily enough by the aid of the compound 
microscope. These micro-organisms can be classified into - 
protozoa, bacteria and fungi, and some of all three 
groups are capable of causing infectious disease in other 
living things. The protozoa are minute one-celled 


(unicellular) animals which multiply by division, and. 


well-known examples of diseases due-to protozoa are 
malaria and amoebic dysentery. All fungi are not, of 
course, microscopic, but most of those are which cause 
infectious disease of plants and animals, such as “ blight ” 
in potatoes and ringworm on the heads of children. 
We now come to the bacteria, that vast world of 
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single-celled plants which are one of the apenas causes of ; 


infectious disease. 


No bacterium ever becomes big enough to be seen by 3 


the naked eye, though large numbers growing in colonies 
on a nutrient medium are visible enough. Under the 
microscope bacteria can be seen to vary in form and 
shape : some are round (cocci), some are rod-shaped 


(bacilli), while others are spiral (spirochtzes). Most of ~ 


the bacteria are incapable of independent moyement, but 
depend upon air currents or water for their transport or 
are carried on the bodies of other living organisms. 


A few bacteria are provided with minute hairs or flagella, 


by means of which they can propel themselves along. 
Bacteria occur everywhere—in the soil, in the air, in the 


water, on the surfaces of the bodies of animals and in — 


or on the various orifices of the body. They are inti- 
mately concerned with all processes of putrefaction 
and have many activities which are directly beneficial 


to.man. Luckily only a very small percentage of this 


vast army of bacteria is capable of producing disease 


(pathogenic), but even this small proportion is sea eo | 


importance. 

The list of infectious diseases caused in man by bei 
teria is a formidable one, and includes typhoid fever, 
tuberculosis, plague, and many others. 

Now in this brief survey of the micro-organisms, 


popularly called “‘ germs,” we have not yet touched — 


upon the subject matter of this book. Our particular 
** germs ”’ cannot be included in the categories of proto- 
zoa, bacteria, or fungi. The viruses as they are called are 
in a class apart, and we must therefore give some sort 
of definition of them and explain why it is they are in a 
different category. We have said that the three classes of 
disease agents mentioned above are microscopic orga- 
nisms, indicating that while invisible to the naked eye 
they can nevertheless be seen and described une the 
compound microscope. 
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The viruses, however, as a group, cannot be seen at 
all even with the aid of the most powerful microscope 
which uses visible light. They are, in fact, so small as to ° 
be beyond the resolving power of the best lenses, and 
for this reason are frequently known as the “ ultra- 
microscopic viruses.” This extremely minute size is 
therefore one characteristic, but. there are others ; we 
_ have mentioned the fact that bacteria can be grown 
_ artificially on nutrient media such as agar, upon which 
_ they form colonies visible to the eye. Now one funda- 
mental fact about the viruses is that no one has ever yet 
‘succeeded in growing a virus or causing it to multiply 
upon an artificial medium of any sort in a laboratory. 
In other words, viruses can only grow and multiply 
inside a living cell, and here perhaps we have their most 
_ important and significant characteristic. | Another 
interesting point is that only viruses causing disease 


have been described ; not free living or non-parasitic 
viruses are definitely known, and this is hardly surprising 


when: it is ‘realized that the symptoms of the diseases 
they cause are almost ‘the only way we have to know 
__ that they exist at all. They may therefore be what -are 
_ called “ obligate parasites? which means that they are 
_ incapable of existing independently. =. = 
You should therefore conceive of thé. virus’ as an 
_ extremely minute disease agent which cannot. be: seen 
even by the aid-of a microscope and which’ can. orily 


_ multiply itself when inside a living cell. More than this 


it would be unwise-to say at the present juncture, but if, 
as. wé hope, you proceed with this book,. you-will make 
_ further acquaintance with these most important and 
extraordinary agents, . LGely 3 Biieegern ee 
I should perhaps add that for the purpose of con- 
venience the Rickettsia have been included among. the 
viruses. . Rickettsie, so-called after -their discoverer 
Ricketts, are disease agents with many of the charaeter- 
istics of viruses ; they differ.in being’ slightly-larger and 
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may possibly be a kind of link between viruses and true 


bacteria. 

I have said that bacteria are everywhere and, while 
the same is true to a lesser degree of the viruses, the 
latter are restricted slightly by their dependence on the 
living host. A man may get a bacterial infection, for 
example, in a cut finger, either by contamination from 
the garden soil or from harmful bacteria already present 
on the skin of his hand. Virus infections, however, are 
not brought about in that way ; they can only be passed, 
in nature at all events, from living cell to living cell, though 
the respective organisms of which the cells are part may 
be quite different. Nevertheless, in spite of this slight 
restriction, viruses are everywhere, and no form of 
living thing is immune from their attack. The sum 


total of death, disease and loss caused to man every 


year by the ultfamicroscopic viruses is almost equal to 
that due to the visible bacteria. 

Among the crowds at cinemas and theatres, on trains 
and at football matches, the viruses of influenza and the 
common cold are busy, transferred from one person 
to another in droplets in the breath. At home and in 


schools our children make the acquaintance of mumps | 


and chicken-pox. In the tropics the virus of yellow fever 
is spread to men and monkeys through the agency of 
the mosquito, and in war typhus fever marches with 


the armies, distributed from man to man by its ally, 


the louse. In some cities of the world the cry “ mad dog ”’ 
still strikes terror to the heart, although the genius of 
Pasteur has deprived the virus of rabies of much of its 
power, just as Jenner has reduced that of smallpox to 


impotence. On the farm the virus of foot-and-mouth — 


«disease appears with startling suddenness among the 
cattle, and, unless immediate and drastic steps are taken 
to stop it, will spread like wildfire throughout the stock. 


Distemper, that bane of the dog owner, is always present, 


and apart from its annual toll of young dogs may appear 
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_ at any time in epidemic form among the packs of hounds 


in the country and destroy 50 and even 75 per cent. 
of the young hounds. So the tale goes on—man, cattle, 
dogs, fowls, parrots, frogs, fish; insects, plants of all 
kinds and even bacteria themselves all suffer from 


. their own particular form of mumps, measles and small-_ 
pox, each one a virus infection. 


Ever since the discovery of the first virus in 1892 
biologists have been puzzled by this disease agent which 
tefused to fit into any of the accustomed categories. 
Here was something which couldn’t be seen and yet 
indubitably existed ; Moreover, it was capable of pro- 
ducing infectious diseases in animals and plants which 
could be passed on indefinitely. The germ theory of 
Pasteur and Koch postulated that infectious diseases 
were caused by micro-organisms ; is the virus therefore 
a living organism of extremely minute size? After 


having read this book you must decide for yourself 
what is the answer to this question, or if there is any 


answer. 


The Viruses in History 


You must not think that virus diseases are something 


new. On the contrary, references to diseases of man 


now known to be virus diseases can be found relating 
to the earliest days of history. Smallpox, for example, 
a typical virus disease, is thought to have been prevalent 
in China during the years 1122 and 249 B.C., while 


_ accurate descriptions of the disease have been found in 


writings dated about A.D. 40. Arabian physicians 
described it in the 9th and 10th centuries B.C., and it 
is said to have existed in Egypt about 1200 B.C. Small- 
pox is thought to have spread originally into China from 
India and then through Western Asia into Turkey and 
Burope, since it was known in England in the 16th 
century. Vaughan states that in one of the ancient 
{Indian medical books there are special prayers which 
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were repeated by the Brahmin priests while performing © 


the operation of inoculation for the disease. The spread 


of smallpox over the world was extremely slow, but ~ 


now the disease has travelled the entire surface of the — 
globe and is present wherever the human species — 


exists. It has been estimated that 60 million ‘people died 


of smallpox in the 18th century. 

Yellow fever is another important virus disease, and 
the first authentic description of it was given by du 
Tertre in Guadeloupe about 1635. According to Vaughan 
this disease was confined to the Western Hemisphere 


before connexion between the two hemispheres was | 


established by Columbus. McKinley states that, following 
the abolition of the quarantine of European ports 
during the French Revolution, the disease spread into 
Europe in the period 1791 to 1815 and to both North 


and South America. Yellow fever, however, is essentially 


* 


jae 


a tropical disease, and it was this which gave to the — 


West . Coast ‘of Africa the name of the “‘ white man’s — 


grave.” 


Republic was actually brought about by yellow fever. In 
1801 Napoleon sent an army of 25,000 men to Haiti under 


General Le Cleve to put down the revolt of the negroes. | 
The French landed, defeated ‘the native troops under 
Toussaint and drove them into the interior ; the French 
were, however, unable to follow up their victory owing to 
an epidemic of yellow fever which broke: out among 


them. Out of the 25,000 Frenchmen who landed, 22,000 


died... There were only 3,000 left to evacuate the island 


in 1803. Again the.early attempts to construct a: canal 


across. the Isthmus of Panama ended in disaster chiefly 


because of the. ravages of yellow. fever. It. is only in 
comparatively recent year's that yellow fever has been: 


found due to a filterable virus. - In: 1919 Noguchi,.who 
gave his life to.the study of this disease, reported that-he. 
hasisolated a ee (a spiral-shaped-micro- -organism) 


e 


Zinsser relates how the establishment of the Haitian a 
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a as. the specific cause of yellow fever. This was disproved 


a few years later when it was discovered that the Indian 
- monkey could be used as an experimental animal instead 
of man himself. A more detailed account of yellow fever 
_ Is given in Chaper II. 
___ The louse-transmitted Rickettsia disease, typhus fever 
_ hot to be confused with typhoid fever which is caused 
_ by a bacterium—was a terrible scourge in Europe during 
_ the Middle Ages, and together with plague and smallpox 
_ caused the loss of thousands of lives. Typhus was known 
* _ by several names according to. the circumstances of the 
_ outbreak, the best known being “ gaol fever.” Other 
names for what was undoubtedly the same disease were - 
hospital fever, ship fever, camp fever and the “ disease 
_ of the bed.”’ Under the conditions of extreme poverty 
and wretchedness in which large sections of the popula- 
_ tion lived in the Middle Ages, typhus fever was rampant 
and epidemics were of frequent occurrence. This applied 
particularly to the gaols of the period, and many of the 
_ prisoners were never brought to trial but died of typhus | 
contracted in the cells, In his interesting account of 
__. old-time typhus in Britain, MacArthur describes some 
of the “ Black Assizes” held in various towns and the 
severe epidemics of gaol fever which followed them. _ 
___ After the Black Assize of Oxford, which-was held in 
_ 1577, the two judges, the sheriff, the under-sheriff, six 
__ justices of the peace and all the members of the grand 
_ jury died. Within 12 days, 100 members of the University 
_ had also died, not a college or hall escaping ; the total 
i recorded death roll amounted to 510. Nearly two hun- 
_ dred years later, at the old Bailey in 1750, a similar 
' outbreak occurred, though with one very peculiar feature 
_ in that only the persons occupying the left side of the 
court were affected. According to MacArthur’s account 
_ the Bench at the fatal assize consisted of six persons : 
the Lord Mayor (Sir Samuel Pennant) sat in the middle, 
_ with Lee the Lord Chief Justice and the Recorder of 
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London on his right ; on his left was Baron Clark, Sir 
Thomas Abney, another judge and Sir Daniel Lambert, 
and Alderman and Justice. On the right of the court 
was the London jury, and the Middlesex jury on the left. 


Of those on the bench the two on the Lord- Mayor’s 


right escaped ; the Lord Mayor himself, Baron Clark, 
Sir Thomas Abney and Sir Daniel Lambert all died. 
None of the jury on the right of the court was affected ; 

of the Middlesex jury on the left, all died except four, 
and of the under-sheriffs, barristers and others to the 
number of over 40 who died, practically all were on the 
left side of the court. MacArthur suggests, as a possible 


explanation of this peculiar occurrence, that some person ~ 


in the public gallery on the judges’ left harboured infected 
lice, and as the court was extremely hot may have re- 
moved his wig and outer clothing and so have shed a 


rain of infected lice on the people below ; but I shall tell 
you more about the louse and its transmission of typhus- 


in a later chapter. After this occurrence the authorities 
made some attempt to grapple with gaol fever, and a 
committee was formed to consider the matter. They 


decided that the fever was due to bad ventilation and | 


recommended that ventilators should be fitted in the 


prisons. The connexion between gaol fever and the 


~ insanitary conditions existing in the prison with conse- 
quent lousiness of the prisoners never occurred to them. 


In consequence typhus persisted not only in the prisons — 
but also in hospitals, camps and on board ship. It was 
particularly bad in the Navy, and during the wars of 


that period the mortality due to it was greater than that 
caused by all other diseases and means of death put © 


together. 


During the great famine in Ireland, which commenced © 


in 1847, the total mortality cannot have been less than 


x 


half a million, though typhus was not responsible for 


all those deaths. This great tragedy was directly due to 


the action of two disease agents : firstly, the destruction — 
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of the potato crop by the potato blight fungus. Phytoph- 


- thora infestans, followed up by the typhus epidemic 


which found a fertile soil under the conditions created 
by the famine. In England during the worst of the famine 
years the deaths due to typhus were about 30,000. The 
disease lingered on, and in 1869 the deaths in England 
from this cause were 4,000; 20 years later the figure had 
fallen to 160. Even today typhus is not extinct in England, - 
and given the right conditions it could quite easily flare 
up again just as, at the time of writing, it has done in 
Madrid. 3 

..Influenza or “ flu”’ needs no introduction, and most 
of you have experienced its unpleasant attention at 
some time in your lives. Owing to the confusion of 
influenza with other similar fevers it is not possible to 
trace this disease very far back in human history. It is 
known, however, to have been present in Europe during 
the 16th century, when it was regarded in a rather 
flippant manner, as indeed, in spite of its seriousness, 
it tends to be at the present time. Great epidemics, or 
pandemics as they are called, of influenza seem to have 
occurred at intervals over a long period of years, while 
between the pandemics, lesser epidemics occur at inter- 
vals of two and three years. Burnett gives some interest- 
ing information on this point and I quote freely from his 
account. One of the earlier pandemics developed in » 


Asia in the autumn of 1781 and gradually spread through 


Russia, Finland, Germany, Denmark, and Sweden, 
reaching England in April. This pandemic resembled 
that of 1918-19 in that it attacked mainly young adults, 
while children and old people either escaped entirely or 
were affected only to a slight degree. Fairly severe 
epidemics occurred in 1803, 1833 and 1837, and the 
next great pandemic developed in 1847-8. This caused 
a great number of deaths, particularly among the elderly, 
and Creighton remarks that it had the usual effect of 
an influenza epidemic in lengthening greatly the obituary 
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columns of The Times. Well-to-do elderly people, 


protected by their money from much of the hardship 


of life, were liable to die in large numbers in face of an 


influenza epidemic with which they were forced to come 
into contact. From 1848 to 1889 there was a marked 
absence of influenza from England, although the disease 
was persistent enough on the continent, but from 1890 
_ onwards influenza has been always present in England. 
Since that date there have been several large epidemics 


culminating in the world-wide pandemic of 1918-19, 


one of the worst plagues in history. In England there 
were about 150,000 deaths from influenza at this period ; 


Burnett states that most countries populated by Western — 


Europeans had a death-rate of 3 to 5 per 1,000, while 
non-Europeans showed a much higher mortality. Thus, 
South African natives lost 27 per 1,000 ; in India there 
were over 5 million deaths, but the highest mortality 
of all was recorded in Samoa, where a quarter of the 


native inhabitants died. From these few figures you will _ 


readily grasp that viruses have little to learn even from 


man himself on the best way to destroy the human — 


species. 


Let us turn now to the plant world and find out the | 


earliest reference in history to a plant virus. This can be 
traced about the middle of the 16th century and refers to’ 
a variegation in the flower colour of tulips. This variega- 
tion is now known to be caused by an infectious virus 
disease. It is really in pictures that we find the first sign 
ofa plant virus ; in the paintings of tulips made by 
artists of Rembrandt’s time this variegation may occa- 
sionally be seen together with the striping on the leaves, 
which is another symptom of the disease. No doubt 
you may have seen this rather attractive variegation 
in your own garden and may not have known that you. 
were admiring a virus disease. Later on, about 1770, 
various virus diseases of the potato plant, known collec- 
tively as the “‘ curl,’ began to appear in England and to 
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cause very serious losses in that crop. Of course, they 
_ were not recognized as virus diseases, because no one 
_ at that period had any conception of such an agent as 


a virus. 3 
And now, before I give you a short account of the first 


_ scientific demonstration of the existence of a vitus, I 
_ taust digress for a moment to talk about filters. In 
_ country districts where the water supply is rather primi- 


tive the inhabitants are often advised to filter their 


drinking water. In practice this means that the water 
__ slowly drips through a porous vessel, the walls of which 
are made of porcelain or a special kind of earth known 
_as kieselguhr. This process removes all bacteria and 
_ other organisms so that the water after passage of such 
a filter is free of bacteria and so is fit for drinking. | 
Filtration of fluids plays quite a large part in many 
_ laboratory techniques when a sterile fluid, i.e. one free 

of all organisms, is required.. Chamberland, working in 


_ Pasteur’s laboratory, was the first to introduce bacterial 


filters about the year 1884; these consisted of hollow 
_ unglazed cylinders closed at one end, made from finely 
_ ground kaolin with the addition of quartz sand and burned 
_ ata definite temperature. Such filters, known as Pasteur- 


__ Chamberland “ candles ”’, are in use at the present time, 
_ and are made in several different grades of porosity. 


Let me now take you to a scientific laboratory at the 
end of the last century. There, about the year 1892, we 
find Iwanowsky, a Russian botanist, studying a disorder 
of the tobacco plant known as mosaic disease and won- 


_ dering what could be the cause of it. In the course of 
his experiments Iwanowsky extracted some of the sap 
of such a diseased tobacco plant and passed it under 


pressure through a Pasteur-Chamberland filter. After 
passage of one of these filters the sap of the tobacco plant 


is clear and sparkling and is, of course, free from all 
, bacteria; nevertheless, Iwanowsky found that this 
. filtered sap was still just as infectious to healthy tobacco 
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plants as the crude unfiltered sap. Here, although 
Iwanowsky himself did not recognize it, was a remarkable 
discovery and one which seemed at first sight contrary 


to the “germ theory of disease.” By filtering the infectious. 


tobacco sap through the filter, Iwanowsky had definitely 


removed all ‘“‘ germs ”’, as they were undertsood at that . 


time, and still the sap retained its power of infecting © 


healthy tobacco plants. This, then, was the first scientific 
demonstration of the existence of a disease agent so 
small as to pass easily through the pores of a bacteria- 


proof filter. It is from this property that thé term © 


*‘ filterable virus’ has been derived. 


A short time after this discovery two other workers | 
demonstrated by a similar experiment that foot-and- 
mouth disease of cattle is also caused by a filter-passing 


virus. Since those days many other viruses have been — 
described, and the total number now known affecting 
various living organisms including man must exceedtwo — 


hundred. 
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CHAPTER II 
THE INSECT ALLIES OF THE VIRUSES 


IN pondering upon the habits of viruses you will have 
asked yourself the question, “How do these things 
get about?” How does one catch influenza for example, 
or yellow fever, or how does a tobacco plant develop | 
tobacco mosaic ? Well, there we have three virus diseases 
and each one is spread from diseased to’ healthy 
organisms in a different way. In the succeeding chapters 


of this little book you will find the answer to your ques- 


tion ‘where the individual virus diseases are described 


and dealt with, but for the present we will confine our- 
selves to one particular method of spread Sh viruses as 
exemplified by yellow fever. 


We shall find as we increase our eos: of viruses 
that they can be spread about in quite a variety of ways, 
but there is one method which is outstanding in its 
interest because of the relationship between the virus 
and the agent which spreads it, namely an insect. In 
this chapter, therefore, we have selected for discussion» 


four kinds of insects, two transmitting virus diseases 


of man and animals, and two transmitting virus diseases 
of plants, and we shall investigate some of the interesting 


_ reactions between these insects and-the viruses they carry. 


Before doing this, however, there are one or two facts 
which must be made clear : first you must realize that 
viruses are not spread by any and every kind of maraud- 
ing insect. On the contrary, the ability to transmit 
viruses is confined to certain types of insects and allied 


- creatures which feed in a particular manner. It is clear, 


of course, that in order to disseminate a virus an insect 


must be parasitic in the sense that it preys upon another 


organism, otherwise there would be little opportunity 
aL 
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for the infection to spread. Furthermore, as we shall see, 
these parasitic insects all feed upon their victims in a 
particular manner, that is by piercing and sucking, the 
blood in the case of an animal and the sap in the case of 
a plant. Practically all insects which attack animals 


are of the sucking type, but this is not the case with ~ 


insects attacking plants. Here there are two well-defined 
types, the sap-suckers such as the green-fly, and the 
leaf-biters, like caterpillars and beetles. 

The idea that insects were somehow concerned with 
diseases of man is not a new one, though the first actual 


proof of this was given in 1878 by Manson who showed © 


that mosquitoes were the carriers, or vectors as they 
are called, of a microscopic worm which causes “ ele- 


phantiasis” in man. A little later than this it was — 
suggested that mosquitoes had something to do with 


malaria, and in 1880 it was shown by Lavaran that 
malaria was caused by a minute protozoan and he 


suggested that mosquitoes were connected with its © 
spread. The first proof of this, however, was given by 


Ross, who actually worked out the development and 
life history of the malarial parasite inside the body of 
the mosquito. All this, of course, has nothing to do with. 
‘viruses, but it serves to show that insects are connected 
with the spread of disease and also leads us to make 


the acquaintance of the mosquito, which is the first 


of our virus-carrying insects to be discussed. 


The Mosquito 


When Ronald Ross found, inside the body of the 
mosquito, the minute one-celled animal which causes 
malaria he could actually see and describe this organism 


by means of the microscope. We cannot, however, do- 


anything so straightforward as this when dealing with 


virus diseases ; if, for instance, we tried to see the virus — 


of yellow fever in an infected mosquito by the methods 
used by Ross with malaria, we should fail completely. 
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You have learned already that viruses cannot be seen 
anyhow, inside or outside a mosquito, so we must use 
quite different and more indirect methods for our 


_ investigation. What these are you will learn later, but - 
_. in the meantime I-want to talk about the mosquito and 


- its connexion with viruses. 


Let us begin by discussing that dreaded disease yellow 


_ fever, or “ yellow jack” as the sailors used to call it 
‘ and probably do still. The widespread terror which this 


_~ disease aroused in sailors, especially if visiting infected 


ports, was fully justified by the severity of the epidemics. 


Hindle relates how one of the senior captains of the 
Cunard Line, who in his younger days had been in 


a sailing ships, obtained command at the early age of 21 
__ by volunteering to take a ship to Santos where yellow jack 
_ Wwasrampant. On this particular voyage all except three 


of a crew of twenty-one died of yellow fever. Even in 


: - the nineties of last century it was necessary to ‘ shanghai” 
_ crews for ships sailing to South and Central American 


ports because of the universal dread of the disease. 


: You have read in the first chapter how the conquest of 
_ Haiti by the French was frustrated by an epidemic of 


yellow fever among the invaders and how the first attempt 


- to build the Panama Canal ended in disaster from the 
_ same cause. Now at that time no one had any idea how 
_ the disease was spread, nor did they know it was by a 
_ virus. This latter fact is not very surprising, because the 


> first known virus, that causing tobacco mosaic, had only 


od ay 


_ been discovered a few years previously and not much 


attention had been paid to the discovery anyhow. So 


that the conception of an invisible filter-passing agent 


did not come readily to the minds of the workers of 
that period. Instead, frantic attempts were made to 


_ isolate a bacterium or protozoan or some similar 


organism which could be made to grow in an artificial 


medium or broth. Then one could point triumphantly 
_ to acolony of organisms growing on an agar ** slope ” 


“ 


( 
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and say, “ Here is the cause of yellow fever ; now we | ¢| 
have seen it we shall conquer it.” Unfortunately no 


such happy tesult was ever achieved, and with good 
reason, for, as you know, viruses cannot be seen and 
they cannot be made to multiply except inside a living 
cell. 


“catching”; you caught it from infected bedclothes 
and above all you caught it from the patient. Then some 


At first, therefore, yellow fever was considered to be 


doubt was cast on this idea because it was noticed that — 


nurses in charge of yellow fever patients did not seem 
to get yellow fever ; at all events the disease was no more 


common among the nurses than among the rest of 


the population. 

In Cuba; in 1900, yellow fever was rampant among 
- American soldiers taking part in the Spanish-American 
War. So many soldiers died that at last the American 
Government sent an army commission héaded by 
Walter Reed to see what could be done about it. Up to 
that time measures.to counteract the spread of yellow 


fever in Cuba had been haphazard and contradictory ; 


bedclothes had been burned, houses burned or fumigated, 
and even the native Cubans had been washed. As de 
Kruif relates in his entertaining book The Microbe 


Hunters: ‘‘The yellow jack kept on killing, until 


suddenly it got fed up with killing. In North America 
that always came with the frosts in the fall.”” Now just 
previous to Walter Reed’s arrival in Cuba a local doctor, 
Carlos Finlay, had been proclaiming to an unheeding 
world that everybody was on the wrong track and that 
yellow fever was caused by a mosquito. Although in 


common with everyone else Walter Reed at first paid % 


no attention to this idea, there was one fact which forced 
itself upon his notice. This was the peculiar way in 


which the fever spread—one family might go down with — 
the disease while the next attack might be further up 


the same street or round the corner, and these families 
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might never have come into contact with each other at 
all. In fact, thought Reed, it looks as if an insect of some 


sort might be carrying the disease about, but how to 


- prove this ? In those days there were no experimental 
_ animals for yellow fever on which this theory could be 


tested. No, man himself must be his own laboratory 


animal. Volunteers were asked for and obtained, and 


these men submitted themsleves to be bitten by mosqui- 
toes, those with silver marks on their backs, now known 


_ as Aédes egypti, which had fed on yellow fever patients. 
. Two of these men developed yellow fever and recovered, 
_ whilea third, Dr. Lazear, a member of the commission, was 

infected and died, and this infection was thought to be 


caused by the bite of a stray mosquito in the yellow fever 
wards. Here, then, was good evidence that the mosquito 
really did transmit the disease, but Reéd was still not satis- 
fied ‘ the fever might spread in some other way as well. 


_ Consequently, the following experiment,was planned, for 


which human volunteers were again necessary and were 
again forthcoming. Two small cottages or chalets were 
built, one of which was made absolutely mosquito-proof 
by means of close-fitting wire screens over doors and 
windows ; the other was similarly made except that there 


__ Were more windows in it. Now into the first hut were 


placed beds containing the soiled bed-linen of yellow- 


_ fever patients, but precautions were taken so that no 


mosquitoes of any kind were present. In those beds 
slept more volunteers who had been previously kept 
carefully isolated from any accidental mosquito bites. 
In all, three lots of volunteers occupied the beds, some 
of them even wearing the pyjamas of men who had died 


of yellow fever. All these volunteers remained healthy; 


not one developed the disease. Now comes the turn of 
the second hut. In this was placed clean bed-linen and 


_ the whole hut was clean and airy. However, just before 
the volunteer entered the hut to spend the night there, 
fifteen female mosquitoes which had been allowed to 


- 
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feed upon yellow fever patients were liberated in the _ 


room. This volunteer, John Moran by name, was duly 
bitten by the mosquitoes and in due course developed — 
yellow fever, from which he luckily recovered. 

These experiments, therefore, gave the answer to 
Reed’s question ; they. showed that yellow fever could 
not be “caught” by contact with patients or soiled 
bed-linen but must be transmitted by the mosquito. 
This splendid work of the American Army Commission 
opened the way to the control of the disease by stopping 
its spread, and this was done by slaughtering the mos- 
quito. How this can be done you may learn later on. 
Although Walter Reed had answered one of the impor- 
tant questions about yellow fever, the question was still. 


ee asked, What is it that causes the disease? Since 


‘“‘serm ” couldebe discovered, what was it that the 


soigulio carried and injected into man? It was James 
Carroll, a member of the same American Army Com- a 
mission, perhaps with memories of the filterable nature — 


of the “‘ germs ” causing tobacco mosaic and foot-and- 
mouth disease in his mind, who answered this question. 
He obtained blood which was full of the poison of yellow 
_ fever and filtered it through one of. those Chamberland 


filters, which, as we have already seen, holds back all — 


- bacteria. Carroll took some of the fluid which: had 
passed through this filter—filtrate it is called—and — 
injected it into three more volunteers, two of whom > 
developed yellow fever. Here, then, was evidence that 


yellow fever is due to a virus, the same kind of agent 


that produces mosaic in the tobacco plant and foot-and- 
mouth disease in cattle. But don’t assume from this 
that a cow can get foot-and-mouth. disease by eating a 
tobacco plant with mosaic or that you can catch yellow 
fever from the same plant. These viruses are of the 
same nature only, they are not the same virus. In other 
_ words they have characteristics in common which put 
them in the same group. 
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_ Although Carroll’s discovery that yellow fever: is 
_ caused by a virus has been challenged once or twice 
since, notably by Noguchi, who claimed that a spirochéte 
_ was the cause, further work has proved beyond ‘doubt 
_ the fact that yellow fever is caused by a virus. 

_ You have learned, then, that the virus of yellow Jack , 


: . depends upon a particular kind of mosquito to spread it | 


about, but we have not yet said anything of the relation- 


i > ship between the virus and the mosquito. What happens 
_ to the virus when it is swallowed by the insect after 


feeding on an infected person? When Ross examined 
mosquitoes which were known to be carrying the malarial 


_ parasite, he was able to demonstrate stages in the develop- 


_ ment of the parasite inside the insect. But this cannot be 
_ done with the yellow fever virus, and we have no evidence 
_ that this virus, or any of the small viruses, undergoes 
any kind of life cycle. We do know, however, that there 
is some sort of relationship betwen insect and virus, 
_ and this is shown by one of the discoveries made by that 
_ same American Army Commission about whose exploits 
_ you have already heard. They found that if they fed a — 
mosquito for a short time on a yellow fever patient and 
_ then transferred it directly to a human volunteer and 
_ allowed the insect to feed, no infection of the volunteer 
took place. Further experiments showed that it took 


_ 10 to 12 days after feeding on yellow fever blood before 


: pia mosquito was able to transmit the disease. Now what 
_ does this mean ? The answer is : we don’t know, although 
we can make one or two guesses. This period of delay 


after feeding, before an insect becomes infective, is often 
_ spoken of as an “ incubation period.” This term, how- 


ever, is not a very good one, as it rather implies develop- 
mental changes in the virus, which may or may not take 
_ place. The most obvious guess about this ‘‘ incubation 
period ”’ of the virus in the mosquito is something like 


_ this. First the amount of virus taken in by a mosquito 


a feeding on yellow fever blood is small, and secondly 
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the virus has got to reach the right place inside the 
. mosquito’s body before it can be injected into a fresh 


victim. Let us consider this latter point first, because : 


we want to know what happens to the virus when it is 
swallowed by the insect. Presumably it passes with 
the blood, which is also sucked up, into the stomach of 


the mosquito.. Now how can it get from there back to | 


the blood of the next victim ? Unlike the higher animals, 
insects do not possess a complicated network of veins 


and arteries, but the blood fills the body cavity and — 


bathes the various organs. When a mosquito bites you 
_ it injects into your blood, quite apart from possible 
viruses, protozoa, pathogenic bacteria or-fungi, a secre- 


tion from the salivary glands. Therefore we suspect 


that in order to be transmitted the virus has to pass 
through the wall of the stomach or gut of the mosquito, 
get into the blood and so reach by that means the salivary 
glands whence it may be ejected once more. All this, 
of course, takes time and may account for part of our 
‘incubation period ”’ of 10 to 12 days. The other half 
of my suggestion about the reason for the “‘ incubation 


period ’> you may remember was that the amount of. 


virus taken in was very small. In that case it must 


Increase to be infective. How does it increase? Pre- 


sumably by multiplying inside the mosquito. But does _ 


it multiply, and if so how can that be demonstrated ? 
Careful experiment has shown that the yellow fever 
virus does actually increase inside an infected mosquito. 
This was demonstrated by grinding up mosquitoes at 


different periods after once feeding them on yellow fever: 


blood and then trying to find out to what extent the 
ground up mosquito could be diluted with a salt solution 
and still prove infectious. Obviously that mosquito to 
which the greatest amount of salt solution could be 
added_ while still retaining its infective power, is the 
insect with the largest amount of virus. This was shown 
to be the case in an actual experiment, for insects which 
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had been kept for 38 days after once feeding on yellow 
fever blood contained about 10 times as much virus 
as those which were tested immediately after feeding. 


These experiments also revealed another interesting 
‘point, and that is that the amount of virus in an infected 


mosquito decreases and reaches its lowest point during 
the first week after feeding. It then increases rapidly 
again until more virus is present than at the beginning 


of the test. We see from this that some sort of relation- 


ship must exist between the yellow fever virus and the : 
mosquito, otherwise the virus could not multiply. Yet 
the insect itself is not in any way diseased and there is no 
evidence that mosquitoes carrying the virus of yellow 
fever live for any shorter period than virus-free mos- 
quitoes. | 

You may ask for how long a mosquito will remain 
infective after a meal of yellow fever blood, if it is unable — 
to feed again on a source of virus. It is highly probable 


that a mosquito, once infected with the yellow fever 


virus, will be capable of transmitting the disease for the 
rest of its life. Experiments have shown that infection 
has. been produced by the bites of insects up to 91 days 
after feeding on an infective case. 

We have seen, then, that the mosquito is an essential 
agent in the spread of yellow fever in man ; let us now 
consider the mosquito in relation to quite another virus 
disease in which not man but the horse is the chief 
sufferer. The story of this disease is an interesting and 
complicated one and all the problem is not yet unravelled. 
The disease which rejoices in the name of “ equine 
encephalomyelitis ’’ is caused by a virus which attacks 
the nervous system and produces a very fatal illness. 
For a number of years now great epidemics- -or epi- 
zootics as they are called—have appeared among horses 
in the New World. It is mostly in the late summer and 
autumn that the disease appears, and the numbers of 
horses affected may be very large. Thus, reports received 
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by the Federal Bureau of Animal Industry in the United — 
States show that in 1935 there were 25,000 cases reported: 


in 1936 about 4,000 ; in 1937, 170,000, and in 1938, 
185,000. In this latter year there were nearly 24,000 
cases in Minnesota alone, of which almost a quarter 
were fatal. 


As we shall see when we discuss yellow fever again | 


in relation to the jungle (Chapter V), this story of the 


horse virus is not just a simple one of mosquito and 
horse, but there are other actors in the drama, and per- 
haps the most important of these have not yet been 
discovered. 


There are some similarities between this disease and. 


yellow fever ; for instance, the virus is not transmitted 


by contact, but must be spread by the mosquito or 


possibly some other insect. There is also a somewhat 
similar relationship between the virus and the mosquito ; 
the insect does not become infective until five Or six days 
after its blood meal, but again, as with yellow fever, it 
seems to remain infective for the rest of its life, for, as 
we shall see in Chapter VI, this virus also multiplies 
inside the mosquito. Let us try to understand now why 
it is not a simple story of a mosquito biting an infected 
horse and then going off and biting a healthy one and 


infecting it with the virus. ' Here are some of the difficul- : 
ties : if the infected horse is the only source of virus for 


the mosquito, why does the disease appear simultaneously 
in widely separated areas ? Why does the disease never 


appear in early summer at the time when mosquitoes are — 


most numerous, but only in late summer and autumn ? 
Again, how do such large numbers of mosquitoes 
manage to obtain their virus, because it ‘is only present 


in the blood of the horse for a very short time and then 


only in small quantities? All these ‘facts suggest that 
there may be another source of virus available to the 
mosquito or other vector, and search has therefore been 
made for that. Not long ago pigeon fanciers in one part 
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of the United States began to lose large numbers of their 


ie | birds with some sort of epidemic, and they noticed at. 


the same time abnormal quantities of mosquitoes. 


_ Inoculation tests made to mice or guinea-pigs from these 
dead pigeons showed that they died from the virus of 
_ equine encephalomyelitis. ‘Similarly a paralysis-like 
_ ' disease suddenly appeared among some young pheasants 
_ and over 200 of them died. The same virus was isolated | 


from these birds. But if these birds are going to be 


: killed off so rapidly by the disease they are not likely 
' to act as a good source of virus for the mosquito. Itis 


more probable that some animal, possibly a bird, exists 
which without being seriously aected yet carries the Virus - 


in its blood for a long time; perhaps indefinitely. Some > 


evidence has recently been obtained that there may be 


a virus reservoir of this kind. Chickens, turkeys and 


American egrets have been inoculated with the virus, 


and while they have shown no sign of illness the virus. 


has persisted in their blood for several days. _ 
So much, then, for the difficulties about the source of 


. the virus ; now there are some facts about the spread of 
__ the virus which need explaining. Although it has been 


shown that the mosquito transmits the virus very efficient- 
ly to the horse under laboratory conditions, no mos- 
quito has actually been found infected under natural 
conditions. The same is true of quite a different creature 
from the mosquito which has been found capable of 


transmitting the virus under experimental conditions. 
This is the eight-legged blood-sucking tick, Derma- 


centor andersoni by name, which is not an insect but 
belongs to a related group. Then quite recently, from 
Kansas, came another discovery. In some pasture fields 
where two horses had died from encephalomyelitis the 


previous year a number of large blood-sucking insects 


known by the picturesque name of “assassin bugs ” 


were found to be carrying the virus in their blood. 


So here we have three potential vectors of the horse 
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virus : the mosquito, the tick and the assassin bug. 
Which of these three is the villain of the piece, or whether — 
all share this honour, is not yet known. It remains now 
for someone to fit these pieces of the jig-saw puzzle — 
together and find any that are missing, and so enable us 
to have a complete picture of the life history of this 
virus disease. 

I want now to tell you about another insect much more 
lowly than the mosquito, but one which, nevertheless, 
by its association with viruses, has defeated armies, 
dethroned kings and slaughtered millions of people. 


The Louse 


““Thomas a Beckett was murdered in Canterbury 
Cathedral on the evening of 29th December (4th January 
by our calendar). The body lay in the cathedral all night _ 
and next day. After some debate, it was decided to 
remove the clothing in preparation for burial. The dead 
Archbishop was clad in an extraordinary accumulation 
of garments. Outermost there was a large brown mantle: — 
next a white surplice ; underneath this, a fur coat of — 
lamb’s wool; then a woollen pelisse; then another 
woollen pelisse ; below this, the black cowled robe of the — 
Benedictine Order ; then a shirt ; and finally, next to the — 
body, a tightly-fitting suit of coarse hair-cloth covered 
on the outside with linen, the first of its kind seen in - 
England. 

“The innumerable vermin which had infested the dead _ 
prelate were stimulated to such activity by the cold, 
that his hair-cloth garment, in the words of a chronicler, 
‘boiled over with them like water ina simmering cauldron’ 
and the onlookers ‘burst into alternate fits of weeping 
and laughter, between the sorrow of having lost such a 
head, and the joy of having found such a saint.’ ” 

These lines, quoted from MacArthur’s Old-time 
Typhus in Britain, give a vivid idea of the extent to 
which man, even high up in the social scale, was parasi- 
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tized by the louse in the Middle Ages. Indeed, it was 
considered no disgrace to be lousy, and the odour of 
Sanctity was often a literal fact. You will have read in’ 
the opening chapter that the louse is the vector of typhus 
fever and, as we shall see later, of another disease 
largely associated with the European War of 1914-18. 
For the moment I want to digress slightly just to intro- 
duce to you the louse. If you look up this insect in the 
Encyclopedia Britannica, you will find only two thirds of 
a column dealing with it, and, as Zinsser says : “ this 
creature which has carried the pestilence that has devasta- 
ted cities, driven populations into exile, turned conquer- 
ing armies into panic-stricken rabbles, is briefly dis- 
missed as ‘a wingless insect, parasitic upon birds and 
mammals, and belonging, strictly speaking, to the 
order of Anoplura’.” 

The particular kind of louse with which we are con- 
cerned must not be confused with those two other com- 
mon insect parasites of man, the flea and the bed bug. It 
is a small elongated insect a few millimetres in length, 
with its feet modified into hooks for clinging. There 
exist two variants or races of this louse, the head louse 
and the body louse. These are both the same species of 
insect, but the body louse branched off from the original 
stock, the head louse, when man commenced to wear - 
clothing. The eggs which-are known as “nits” are 
attached with a kind of cement to the hairs of the head 
or to the clothing. The louse lives by sucking the blood 
of the host by means of its hollow piercing mouth-parts. 
It is a true parasite and cannot live an independent life 
at any stage of its development. It lives best at a tempera- 
_turejust below that of man’s body, clinging to the clothing 
which is next to the skin. The louse is very sensitive, 
however, to changes in temperature, and if there is an 
appreciable rise or fall in this it migrates at once in 
search of a fresh host. We have seen in the case of 
Thomas a Beckett how cooling of the body caused the ~ 
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mass migration of these “familiar beasts of man.’ 

Similarly, when the temperature of the body rises with 
fever ; thus there is always a tendency for the typhus 
patient to lose his lice, thereby facilitating the spread 


of the disease. It is probably from this fact that the name 


for typhus, “‘ the disease of the bed,” arose. 

I have called this chapter the “insect allies of the 
viruses” and, while this may stand for all the other 
insects we discuss, I shall have to modify it slightly for 
the louse, and for this reason. We saw that the mosquito 


itself was apparently unaffected by the viruses that it 


carried, but the louse is doomed to die from the virus 
of typhus, even more certainly than its potential victims. 
Within 8 days of feeding on infected blood, the louse 


begins to sicken, and after 12 days it is dead, so that | 


the unfortunate insect is hardly an ally in this instance, 
but shares with us the risks of virus infection. 

Another fact which shows the louse as an unwilling 
ally in the spread of typhus is the way that man becomes 


infected. It was assumed for a long time, by analogy 


with the mosquito and other blood-sucking vectors, 
that the virus of typhus was injected by the louse when 
sucking blood. But apparently this is not so. The 


infection is not in the saliva of the louse, as it probably 


is with the mosquito, but in the feces. The disease is 
thought to be spread through the feeces coming into con- 
tact with scratches or abrasions in the skin, and scratch- 


ing and louse infection are generally inseparable. This 
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fact was first suggested in 1922 by two workers who fed 


infected lice on a monkey, while taking great care that 


no feces from the lice should come into contact with the —__ 


monkey’s skin. They found that the monkey remained 
healthy. We saw in the case of the mosquito and yellow 
fever that the virus does actually multiply inside the 


insect, and the same is true of the louse and typhus. 


After feeding on infected blood there is a tremendous 
multiplication of the typhus agent—the Rickettsia— 
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inside the cells which line the digestive canal of the insect. 


After a few days ‘these cells become so distended that 


they burst, and then enormous numbers of Rickettsix 


appear in the insect’s excrement which is now, of course, 


highly infectious. Soon after this the louse dies owing to 
the interference with its digestive processes. 3 

There is another possible means of spread of the typhus 
agent which I must mention because of its importance. | 
It has been shown that the Rickettsiz can remain infective 
in the dried feces of lice for at least 66 days. It may be, 
therefore, that infection can be spread by inhaling these 
minute particles of infective dust, or through such parti- 


_- cles coming into contact with the delicate exposed parts 


of the eyes. , 

_ Before we take leave of the louse I must mention one 
other disease with which it is associated and which 
played a large part in producing casualties during the 
war of 1914-18. Many of my readers will remember 
‘trench fever,” which is a kind of mild second cousin 
to typhus fever. It also is a Rickettsia disease, but in 


this case the louse itself is not affected by it. It differs, 
so far as the louse is concerned, from typhus fever in 


that the Rickettsiz apparently only multiply inside the 


digestive canal and not in the cells themselves. Here, 


again, it is thought that infection is spread by contami- | 


nation of skin abrasions with the feces of the louse and 


not by the sucking of the insect, although opinion is 


_ not quite unanimous on this point. Curiously enough 


trench fever disappeared entirely after the European 
War, and so it has not been possible to investigate it 


further by modern methods. © 


Up to the present I have been talking mostly about the 
viruses affecting man and animals, and we have seen how 
some of these are spread by two kinds of insect, the 
mosquito and the louse. Let us turn now to some virus 
diseases of plants and see with what kind of insects they 
are associated, 
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The Aphis : 

Earlier in this chapter I mentioned the two chief 
methods by which insects feed on plants, and distinguished 
them as biting insects such as beetles and caterpillars 
which eat holes in the leaves, and sucking insects which 


feed by means of a piercing beak through which they 


draw up the sap of the plant (see Fig. 1). Now let us 


consider this large group of sap-sucking insects which 


includes, among others, the green-fly or aphis. The aphis 
must be known to almost everybody, at least to anyone 
who has had to look after farm or garden plants. One 


kind of aphis clusters upon the buds of roses ; another _ 
twists and distorts the leaves of plum trees ; a third, not - 


green but black, multiplies to excess upon the growing 
points of broad beans ; while a fourth, grey and mealy, 
ruins our cabbages and cauliflowers. Now while you 
may be familiar with this aspect of the attack by the 
aphides upon our crops, you may not be aware that 
this is the least important side of the relationship between 
the aphis and the plant. This type of insect stands in 
exactly the same relationship to the plant as the mosquito, 
Aédes egypti, does to man and horses. In other words, 
the aphis is the transmitter (vector) par excellence of a 
large number of viruses affecting farm and garden plants 
and the plants may become infected with virus diseases 


every bit as serious in their consequences forthe plantas — 


the yellow fever and horse viruses are for man and horse. 


One difference between plants and animals in respect — 


to their insect-borne viruses is that plants are liable to 
attack by a far greater number of viruses ; about 140 
have been described up to date. Among the numerous 
different kinds of aphides attacking plants there is one 
particular species of aphis which stands out far above 
all the others as a disseminator of viruses. This is a 


small green aphis known as the peach aphis in this 


country, and as the spinach aphis in the U.S.A. Its 
scientific name is Myzus persice. It is a cosmopolitan 
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insect and is to be found in almost every quarter of the 
globe ; in addition, it feeds on an enormous variety of 
different plants, and this fact together with its liking for 
viruses makes it an insect of great and international 
importance. Myzus persice has been shown to transmit 
no fewer than 22 different plant viruses in various parts 
of the world. In the British Isles it causes the loss of 
many thousands of pounds annually to the farmer and 
the horticulturist by infecting their crops with virus. 
diseases, and this is particularly true of the potato crop. 
As we shall see later when discussing the viruses in farm: 
and garden, these diseases are the only reason for the: 
rapid degeneration of potato crops which have been 
grown for more than one season in England. | 

Almost everyone who has grown potatoes in this. 
country must have come across, at some time or other, 
diseased potato plants in which the leaves become harsh 
and leathery and show a tendency to roll up. This 
disease, known as potato leaf-roll, is caused by a virus 
transmitted chiefly by the aphis Myzus persice ; one or 
two other aphides play a subsidiary part in the trans- 
mission of this virus, but no other type of insect is 
concerned. 

Here, then, we have a plant virus tausmitied by a 
particular species of green-fly. Let us make some com- 
parison with the transmission of yellow fever by the 
mosquito and see what points of resemblance there are 
between them. First of all, both viruses are dependent 
upon a particular type of insect to transmit them; 
they cannot, under natural conditions, be transmitted in 
any other way. It is impossible to infect a healthy potato. 
plant with the leaf-roll virus by inoculating or injecting 
virus into the plant by any mechanical method. Again, 
we have:seen that a mosquito, once infected with yellow 
fever virus, retains the virus for the rest of its life. Sxmi- 
larly with the aphis, experiment has shown that once the 
insect has picked up the leaf-roll virus it can be fed ona 
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cabbage or some other immune plant so for long as a 
week and still be able to infect a healthy potato plant 
with leaf-roll when transferred to it from the cabbage. 
You may remember that in the case of the mosquito the 
insect was not able to transmit the yellow fever virus 
directly after it had fed on infectious blood, but that 
there was a time lag of about ten days before the mos- 
quito was itself infectious. We find a somewhat similar 
state of affairs with the aphis ; although it can pick up 
the virus after feeding on a leaf-roll plant for quite a 
short period, it does not become infectious to the healthy 
potato plant until rather more than two days later. 
From this comparison you can see how many points in 
common the virus diseases of animals have with the virus 
diseases of plants. You will learn in Chapter VI how 
similar to each other are the actual viruses themselves. 
We will pass on now to the last of our insect types, 
the leafhoppers, one of which is concerned with a virus 
disease attacking sugar beet in the New World. 


The Leafhopper 
The leafhoppers are related to the aphides in so far'as 


they belong to the big group of sap-sucking insects, but | 


they are larger and far more active than the green-fly. 
Like all insects belonging to this group the immature 
forms, or nymphs as they are called, are wingless, but 
the adults are winged and fly with a short hopping 
flight which gives the insects their name. 

Some of the most destructive plant virus diseases in 
the world are disseminated by leafhoppers, notably 
those attacking sugar beet, maize, rice, asters, peaches, 
and many other crops. 


- Curly-top of sugar beet is undoubtedly one of the worst 
virus diseases of plants, and we will take it as the first 
of our examples of leafhopper-transmitted viruses. The 


virus has only been recorded from North America, 
where it was observed for the first time in 1899, not long 


~ 
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after the establishment there of the beet-growing industry. 


_ The disease has been so serious as to prevent the growing 


of sugar beets in large areas of the United States, and 
it is only lately by the production of a virus-resistant 
strain of sugar beet (see Chapter IX) that any headway 
has been made in combating the disease. The symptoms 


of curly-top as the name implies, consist of a rolling and 


curling of the leaves accompanied by a rough warty 
appearance which is caused by a thickening of the veins. 
The whole plant is dwarfed and distorted. Like the 
virus of potato leaf-roll, curly top virus is disseminated 
in nature only by a particular kind of insect, a leafhopper 


as we have already stated. Here, however, the relation- 


ship between virus and insect is even closer, because only 
one particular leafhopper, Eutettix tenellus by name, can 
transmit- the disease, and no other kind or species of 
leafhopper or other insect can do so. 

We shall read in Chapter VI that in the case of viruses: 
which are infectious by inoculation, that is by rubbing 
infectious sap on the leaves of healthy plants, much can be 
Jearned of the nature and properties of the virus itself. 


But what of such a virus as curly-top, which cannot be 


inoculated by hand from plant to plant but depends on 
the insect for its spread ? How can we investigate a virus 


of this nature? Obviously it is no use treating fluids 
-_ containing virus and experimenting with them if at the 


end of the experiment we cannot test the experimental 


fluid by inoculating it back to the plant. Because it is the 


plant which in the end, by its reaction to the virus, will 
tell us what we want to know. Some ingenious experi- 
ments have, however, overcome this difficulty; these 
consist essentially of a method of “ artificial feeding ”’ 
of the insect. A small, round glass vessel is made, open: 
at one end and with a hole about a half-inch in diameter 
cut in the bottom. Across the open end is fitted a cover 
made of a specially thin animal membrane or mesentery ; 
this is held in place by a rubber band. Into this little 
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cage the leaf hoppers are introduced through the hole in | | 


the bottom of the vessel by means of a glass tube or some 
similar insect catcher. The hole is then plugged with 
cotton-wool to prevent the escape of the insects. Now 
on the outside of the mesentery are placed.a number 
of drops of the fluid containing the virus to be tested, 
sweetened by the addition of a little cane sugar to make it 
palatable to the insect. The little glass chamber is then 
carefully reversed over a glass vessel of the same size 
containing water ; this keeps the drops, which are still 


in position on the mesentery, in a damp chamber and — 


prevents them drying up. The leafhoppers plunge their — 


sucking beaks through the thin membrane and feed upon 
the drops of fluid on the other side. By this means it is 
possible to make any number of experiments with the 
virus and to test the result by feeding the leafhoppers 
on the experimental fluid and then by transferring 


the leafhoppers to healthy beet plants. Suppose I 


describe an actual experiment carried out by means of 
this technique in order to make plainer to you the way 
it works. .We wanted to find out exactly how the leaf- 
hopper infects the sugar beet with the curly-top virus. 
Does it inject the virus with its saliva into the plant, 
or is the infection set up in some more indirect way 
as in the case of the louse and typhus, where the feces 
are the vehicle of infection ? It had always been assumed, 


of course, that the insect injected the virus with its saliva — 


while feeding, but we wanted to make sure that this was 
in fact the way it happened. So this is how the experi- 
ment was carried out, A number of leafhoppers, say 40, 

were selected and allowed to feed on sugar beet plants 
infected with curly-top disease. After a period of feeding 
on these plants the insects were transferred to 40 healthy 
sugar beet seedlings, each hopper on a separate seedling. 
As soon as the seedling beets began to show symptoms 
of the disease we knew that we had just that number of 
infective insects. Having shown in this way that the 
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leafhoppers were definitely infective, we transferred 
them to one of the little cages which I have described, and 
allowed them to feed through the membrane on drops 
of distilled water to which had been added a little sugar. 
After the insects had fed for some time on the drops of 
sugar water, they were all removed from the cage and re- 
placed by an equal number of leafhoppers which were 
known to be free of virus, as they had been tested on 


healthy beet seedlings. This second lot of hoppers were now 


allowed to feed on the same drop of sugar water upon 
which the virus-carrying leafhoppers had previously fed. 
They were then removed and placed each one on a sepa- 
rate beet seedling in a little cage. We'then waited to see 


_ what would happen, and in due course 16 out of 20 of 


the healthy beet seedlings developed the curly-top disease. 


_ Now since the leafhoppers which produced the curly-top 
disease had been proved free of virus before they fed 


on the sugar water, and after they had fed on the sugar 
water they infected 16 out of 20 healthy plants, it follows 


that they must have acquired the virus from the sugar — 


water. It also follows that the virus could only have got 


into the sugar water from the saliva of the first batch of - 
‘20 infective leafhoppers which fed on it. So this simple 


little experiment carried out by means of the artificial 


feeding technique proves what was always suspected, 


that the virus is injected into the plant along with the 
insect’s saliva which flows down the sucking mouth-parts 
during the feeding process. The leafhopper is a hardy 
insect and allows the experimenter to take liberties with 


~ it which would be rapidly fatal to less amenable creatures, 


such as green-flies. So before leaving the subject of 
insects and viruses I want to describe briefly a further 
interésting experiment carried out with no more com- 
plicated apparatus than a fine darning-needle. In East 
Africa the maize plant is attacked by a virus which 
causes the disease known as “ streak.”” This virus, like 
that of sugar-beet curly-top, is only transmissible by a 
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particular species of insect, in this case also, a leafhopper. 
Now when Storey was investigating the maize streak 
disease he made the interesting and puzzling discovery 
that out of insects which he was using to transmit the 
disease there were always one or two which were appa- 
rently unable to infect healthy plants. Further observa-. 
‘tions showed that there did, in fact, exist what might 
be called a “‘ race”’ or strain of leafhoppers which were 
unable to transmit the maize streak virus. Specimens of 
these insects were sent to learned entomologists for 


their opinion as to whether these impotent insects 


might be another species, but the unanimous reply of 
these exports was that no visible difference existed be- 
tween those leafhoppers which could and those which © 
could not transmit the virus. Both were indubitably the 
same species, which rejoiced in the unpronounceable 
name of Cicadulina mbila. , 
Now the interesting experiment which I am going to 
describe throws some light on the vexed question, 
which we have already raised, as to what happens to a 
plant virus inside the body of the insect. Storey found — 
that the maize streak virus could be recovered from the 
feeces of a non-transmitting hopper which had fed on a 
streak-diseased maize plant, but not from its blood— 
whereas the virus could be recovered from the blood of 
a hopper similarly fed which had the power of trans- 
mitting the disease. The leafhopper, as I have said, is 
a hardy insect, and will put up with treatment which 
- would afford you and me considerable inconvenience. 
It was found that if a small puncture was made with the 
darning-needle, already mentioned, in the abdomen of 
the non-transmitting or “‘ inactive’? insects, as they are 
called, so as to produce a small hole in the wall of the 
alimentary canal, then the inactive insect became potent . 
or “active”? for virus transmission. This experiment 
seems to show that before a leafhopper can become 
infective it is necessary for the virus to pass through the 
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__ wall of the alimentary canal or “ gut,” as it is sometimes 


called, and so mix with the insect’s blood. By this means _ 
only can it reach the saliva in which it is returned once 
more to the plant. | 
When we discussed the relationship between the 
yellow fever and the horse viruses and the mosquitoes 


_ that transmit them, evidence was brought forward 
which suggested that those viruses actually multiplied 


inside the body of the mosquito. Now can we say the 
‘Same thing about the plant viruses and their insect 


vectors? If we could prove this was true also, it would be 
_. amost interesting point, because it would immediately ° 
_ forge another connecting link between the plant and 
animal viruses. Obviously, if both have the power of 
_ multiplying inside the bodies of insects, they have even 


_ more in common than we have realized up to the present. 

Unfortunately, we have not got quite such clear-cut 
evidence on the question as regards the plant viruses 
as we have in the case of yellow fever or the horse virus. 


_ As we shall read in Chapter VI, the horse virus has actu- 


ally been cultivated in pieces of mosquito tissue, but no 
_ one has up to the present succeeded in growing a plant 
_ virus in pieces of tissue detached from a leafhopper or 
some other insect. Of course, the practical difficulties 
in the way of such an experiment are very great. 
_ At the moment I should hesitate to say definitely 
whether plant viruses have the power to grow or multiply 
inside the body of an insect. There is some evidence 
which supports such multiplication and some which 
does not. 

For the evidence which supports the theory of plant 
virus multiplication in the insect we must turn to a 
disease affecting asters in the U.S.A. and known as 
“aster yellows.” This virus is also transmitted by’ a 
leafhopper, known as Macrosteles divisus, and cannot be — 
_ inoculated by mechanical means. 

It has been shown by Storey that a leafhopper which 
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was not carrying virus could be made infective by 
puncturing the abdomen with a needle dipped in the 
virus. Don’t confuse this process with the other one 
whereby an “inactive” insect could be made “active” ; 
that is, a potential virus carrier, by a similar puncture. 
All I am referring to now is a mechanical way of intro- 
ducing virus into the body of a leafhopper which could, 
if allowed to do so, pick up the virus in the ordinary way 
by feeding on a diseased plant. You will see the useful- 
ness of this in a moment. We will now return to the 
consideration of the aster yellows virus. In investiga- 
tions designed to show that this virus does multiply in 
the body of the insect, Black carried out the following 
experiment. He fed a number of young adult leaf- 
hoppers on an infected aster plant for 48 hours and then 
removed all the insects to rye plants which are immune 
to the virus. Thus all the experimental insects got approxi- 
mately the same ‘‘ dose” of virus. Then at varying 
periods, say at intervals of from 2 to 12 days, a few of 
these experimental insects were taken at random and 
ground up into a paste. This paste was diluted very 
accurately 10, 100 and 1,000 times in saline, and then 
injected by means of very fine tubes into a number of 
insects which were known to be free of virus. These 
insects were then fed on young aster plants. By this 
means it was possible to get a rough idea how much 
virus there was in the original insects which had fed for 
one period of 48 hours on a yellowed aster plant. The 
results of the experiment showed that there was more 

virus in those insects 12 days after feeding on the diseased 
~ aster than there was 2 days after, although all the insects 
had had the same original dose of virus. 

So much, then, for the evidence in favour of multi- 
plication—what about the evidence against multiplica- 
tion? For this we must. return to curly-top of sugar | 
beet and its leafhopper. Suppose we feed a number of — 
leafhoppers on a curly-top sugar beet and then transfer 
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them, each insect to a fresh young beet seedling. We 
shall find that some of the insects lose their infective 
' power and have to be fed once more on a diseased plant 
to pick up some more curly-top virus. And not only that : 
we should also find that the length of time the leaf hopper 
remains infective bears some relationship to the length 
of time it fed on the curly-top plant. In other words, the 
more virus the insect can suck up the more it will have 
to put.out again. These facts suggest a storage rather 
than a multiplication of virus. Well, that is all we know 
at the moment about multiplication of plant viruses 
in insects, and you must form your own conclusions as 
to whether some plant viruses may multiply in their 
insect vectors. | 

Before we pass on to the next chapter and discuss 
the viruses in everyday life, suppose we consider briefly 
what are the main points of interest in the chapter we have 
just read. The outstanding fact is that in many instances 
both plant and animal viruses have some close relation- 
ship with certain parasitic insects upon which they depend 
for their spread from diseased to healthy plants and 
animals. We have seen that frequently it is only a 
_ particular kind or species of insect which is able to 
spread a particular virus and that another closely similar 
insect cannot do this. As a rule, the insect is apparently 
unaffected by the virus it carries, although the louse 
_ whichtransmits the Rickettsiz of typhus isitself destroyed 
by the disease. It has been proved that animal viruses 
can multiply inside their vectors, but opinion is divided 
as to whether plant viruses can do the same. 


CHAPTER III 
THE VIRUSES IN EVERYDAY LIFE 


IN this chapter I am going to talk about some of the 
common virus diseases which affect the everyday. life of 
man either by attacking him or his born companion the 
dog, in addition I will touch upon one or two viruses 
affecting other creatures intimately associated with man, 
such as parrots and mice. 

One of the first viruses with which man comes into 
contact during his journey from the cradle to the grave 
is Varicella, or chicken-pox as it is usually called. This 
is a highly contagious disease, and though very mild in 
its effects causes much loss of time from school. It has 
no doubt existed since ancient times, but for long was 
regarded as a mild form of smallpox. It is now known 
that there is no relationship between the two and neither 
disease gives any immunity against the other. One 
attack of chicken-pox, however, will give a life-long 
immunity against another attack of the same disease. 
The virus is to be met with practically everywhere, and, 
though all ages are liable to attack, the most susceptible 
age is about five or six. McKinley. states that 52 per cent. 
of adults have had the disease in childhood. The incuba- 
tion period is from 14 to 21 days, and the symptoms 
consist of a rash accompanied by a slight rise in tempera- 
ture. Numbers of small vesicles develop, first on the 
head and trunk and later on the limbs ; after two or 
three days the vesicles dry up and a scab is formed. 


Although it is true that there is no connexion between — 


smallpox and chicken-pox, there is a very close relation- 
ship between the virus causing chicken-pox and that 

causing herpes zoster or shingles. In fact, it seems prob- 
pak : 
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able that the two diseases are due to the same virus or, 
at all events, to two closely related viruses. The kind of 
vesicles which develop in shingles is similar to that in 
chicken-pox, but the vesicles usually form in groups 
following the course of a nerve trunk, and are accom- 
panied by itching and pain which may be severe. 

Herpes, cold sore, or fever blister, is another very 
“common virus affection, and it is unusually interesting 


P _ because no one really knows where the infection comes 


from. The blister may arise spontaneously, and its 
appearance is stimulated by a variety of causes. 
-Andrewes says : “ fever blisters in man may notoriously 
be elicited by a number of stimuli, in some persons by 
colds and various fevers, in others by ultra-violet light, 
menstruation, or eating cheese.”’ 

How, then, can we explain the appearance of the herpes 
biisters which seem to arise spontaneously without being 
“ caught ” from someone else, although the herpes virus 
is undoubtedly infectious ? One theory is that the herpes 
virus is normally present in the human body in a non- 
pathogenic or harmless state and that it acquires or 
develops its virulent properties. The latent powers of 
variation in the virus may be given their chance when 
circumstances change. The suggestion that the herpes 
virus is normally present in the body arises from some 
experiments in which the saliva of 26 normal persons 
was passed through bacteria-proof filters and then injec- 
ted into rabbits. It was found that the saliva filtrates of 
21 out of the 26 persons produced in rabbits the symp- 
toms which herpes virus always gives rise to in these 
animals. 

A likely explanation for the appearance of herpes 
blisters is the suggestion that infection with the virus 
has taken place in early childhood and the virus has 
persisted in the body ever since. If this is so it would 
_ bring herpes much more into line with other infectious 
_ virus diseases. Burnett suggests that herpes is an infec- 
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tive disease spread by droplets in the breath or by salivary 
contamination just like influenza, but that infection takes 
place in early childhood probably during the period from 
one to three years. The symptoms produced by the virus 
under those conditions are known as aphthous stomatitis, 
and, in all probability, once infection has taken place in — 
infancy, the virus remains present in the body through- 
out life. If this is so there must presumably be some 
particular place in the body where the virus hides, 
possibly somewhere in the nervous system or the mouth. — 

By this theory we could explain the apparently spon- 
taneous development of herpes blisters on the lips and 
elsewhere by assuming that some stimulus, such as a 
great emotion or a high temperature, had “ lighted up ”’ 
the virus already present, but quiescent,.in the body. 
We shall have more to say about these quiescent or 
latent viruses in a later chapter. 

You may not be aware that the common and sometimes 
embarrassing affliction known as a “ wart ”’ is also caused 
by a filterable virus. You may know that a wart is 
infectious, but that in itself is not proof of its virus © 
nature. It was shown experimentally that warts 
were infectious about 1893 when an adult was infected 
from a child. The first evidence that warts were caused 
by a “ filter-passing agent” or, in other words, by a 
virus, was obtained in 1907, when “‘ experimental ”’ 
warts were produced by means of a filtrate from a 
Berkefeld N filter, a type of filter which holds back 
bacteria. One effect of filtering wart virus through one 
of these Berkefeld or similar type filters seems to be to 
_ reduce the amount of virus present to such an extent 
that it takes as long as three to eight months for a filtrate | 
to produce an “ experimental wart.” There are various 
kinds of warts: the common flat type, the stalked or 
pedunculate kind, the so-called fig-wart ; they all appear, 
however, to be caused by the same virus. Various 
attempts have been made to transmit the wart virus of 


Fig. I. Photomicrograph showing the stylets of a sap-sucking 
insect in position in a potato leaf. Note the fine channel in the 
stylets down which the saliva and virus travels. (Greatly enlarged.) 


Fig. II. Leaf of a tobacco plant showing the kind of ring and line 


pattern characteristic of many virus diseases. 
(Photo. R. Markhain.) 


(Photo. R. Markham. 
Fig. II. Leaf of a tobacco plant infected with a virus which pro- 
duces outgrowths on the under surface of the leaves. 
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Fig. IV. Tulips infected with a virus which causes changes in the 
colour of the flowers. In each row the flower on the left is the 


healthy one. af 
(Photo. R. Markham.) 
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human beings to animals, but without success, and it 
seems probable that the warts on such animals as dogs 
and cows are caused .by a different virus. _ 
The fact that warts are due to a virus raises the interest-. 
“ing and important question as to whether there may be 
_ “internal warts.” In other words, the wart-like. papil- 
- lomas which occur on the larynx, in the bladder, intestine 
and elsewhere, may also be caused by a filter-passing 
virus, possibly the same as that producing the ordinary 
warts. This brings us very close to the absorbing ques- 
tion as to whether there is any connexion between cancer 
and viruses, and this is further examined in Chapter VII. 
Many of you will have suffered in childhood from 
that painful swelling of the parotid gland known as 
‘¢mumps.” This is a very infectious disease and is trans- _ 
mitted directly from one person to another by “ droplets” 
in the breath. There is still a little doubt as to whether 
mumps is actually caused by a virus, but various workers 
have produced experimentally a mumps-like disease in 
monkeys by inoculation with a bacteria-free filtrate of 
saliva from a case of mumps. ; | 
The symptoms consist of sickness, headache and mus- 
cular pains, followed by a swelling of one or both 
parotid glands. The incubation period is usually 
between 14 and 21 days. : 3 | 
Measles is another troublesome disease, usually 
associated with childhood, though adults, too, are 
frequently infected. Here, too, there is a little doubt 
whether measles is actually due to a virus and claims 
have been made that various bacteria are the true cause. 
However, there is now very good evidence that measles 
is caused by a filter-passing virus, and so ‘it is briefly 
dealt with here. , , 
Measles is a highly contagious disease characterized 
by symptoms of catarrh, fever and the development of 
spots known as ‘“‘Koplik spots”? on the mucous mem- 
_ brane of the cheeks. These spots are red in colour, small 
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and irregular in shape, with minute bluish-white “pee 
in the centre, and they appear before the characteristic 
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rash develops on the skin. They are therefore useful as: 


a diagnostic character. Like influenza, measles is a 
‘““crowd disease,’’ and whenever people are brought 
together in large numbers an epidemic of measles may 
be expected. While it is usually considered a disease of 
children, it is by no means limited to this age group, 


and many cases of measles were recorded among soldiers. 


during the first European war. Nearly 49,000 cases 


occurred in the American Army alone during the year © 


1918. The incubation period is about fourteen days and 
the rate of mortality is usually low, though complications 
such as pneumonia do arise, and the disease is responsible 
for the deaths of quite a number of infants every year. 

Infection with measles is brought about through the 
respiratory tract by droplet infection. The disease is a 
difficult one to control owing to its highly contagious 
nature and because it is most contagious during the 
early stages. Only monkeys and the chick embryo are 
known to be susceptible to the virus, and in consequence 
little is known about its properties. One attack of 
measles confers a life-long seg cores against a second 
infection. 

German measles is a mild ioe also thought to be 
due to a virus. The symptoms are somewhat similar 
to those of true measles but are much milder. There is 
a rash but no Koplik spots, and complications are rare. 
One attack confers immunity against a second one, but 
no immunity is conferred against true measles (rubeola) 


by an attack of German measles (rubella) and vice versa. 


The two diseases are therefore quite distinct. Little is 
known about the causative agent of German measles, 


since it does not appear to infect any of the usual experi- 


mental animals. 
Perhaps the commonest, most tiresome and most 


uneconomic of all our everyday ailments is that known. 
. : 


Yee, 
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as the common cold. Although scientific opinion still 
differs to a certain extent as to the exact cause of the 
common cold, the evidence is very strong that a filterable 


_ virus is at any rate the initial factor in the development 


of the disease. There is not much need for me to describe 
the symptoms of a cold, as there must be few of you 
who have not experienced an attack at one time or 
another. The oncoming of a cold differs slightly in 
different people ; in some the first premonition is an 
attack of shivering, sneezing, or sudden running at the 
nose and eyes. The more usual first sign, however, is 
a slight soreness of the throat. Infection is always spread 
by droplets, and a person with a cold, who sneezes or 


coughs, broadcasts thousands of infectious particles into 


the air around him. I cannot do better here than quote 
the following words from Dr. Drew’s enlightening book — 
in this series, Man, Microbe and Malady : 

“In course of time, the knowledge that the common 
cold is one of our most dangerous infections, and most 
uneconomic will sink into the national intelligence. 
When that time eventually arrives, and it becomes 
unfashionable or unsportsmanlike for the individual | 


- with a bad cold to be seen mixing with his fellows, the 


incidence of the common cold will diminish and a huge 


burden of ill health and financial loss will be lifted from 


the nation.” 

An attempt to bring home to the people of this 
country the dangers of the spread of the common cold. 
and many other diseases by droplet infection is being 
made at the present time by the Ministry of Health. 
They have chosen as their principal motto in this cam- 
paign the phrase ‘‘ Coughs and sneezes spread diseases,” 


_ and show how the elementary precaution of coughing 


or sneezing into a handkerchief, instead of into the air 
at large, helps enormously to reduce the spread of 
infection. . 

The main evidence for the virus nature of the agent 
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causing the common cold is supplied by experiments 
in which a bacteria-free filtrate of mucus from a case of 


common cold produced the disease in a percentage of 


human volunteers when instilled into their nostrils* It is 
indeed probable that the virus of the common cold paves 
the way, so to speak, for secondary bacterial invaders, 
much in the same way as the virus of epidemic influenza. 
‘Burnett considers that the ordinary straightforward 
“cold” requires both the presence of the infective 
agent and some form of sensitization of the nose. He 
considers that changes in the nasal mucous membranes 
in response to sudden differences in the air temperature 
provide the most probable reason for such sensitization. 

Consideration of the common cold brings us naturally 
enough to that other recurrent annual plague, epidemic 
influenza. I use the expression “‘ epidemic influenza ”’ 
deliberately, because there are other influenza-like con- 
ditions which have not yet been properly investigated 
and may be due to infection with various bacteria. 
The true epidemic disease, however, has now been 
proved to be due to a filterable virus. 

Influenza has been a difficult disease to study owing to 
the variability of the symptoms, its confusion with other 
similar disorders, and the fact that for a long time no 
suitable experimental animal was obtainable. Now, 
however, it has been found that mice and ferrets are 
susceptible to the influenza virus, and in consequence 
much progress in the study of the disease has been made. 
The virus is spread from person to person by droplets 
in the breath, and this is generally understood to mean 
the scattering of fairly large drops from the mouth or 
nose. Recently, however, it has been suggested that these 
large droplets, which are expelled from the mouth at a 
high speed, lose much of their fluid by evaporation. 
They thus become so small that they can float in the air 
for many hours while still apparently remaining infec- 
tious. There is the third possibility that minute particles 
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of dust may become contaminated with the virus and 
so act as vehicles of infection. This question as to whether 
the virus of influenza is able to float about in the air in 
minute particles, either as very small droplets or as dust 
fragments is of considerable practical importance, and 
some interesting experiments to investigate the matter 
have recently been carried out by Andrewes and Glover. 


‘Now that experimental animals have been found which 


are susceptible to the virus, ferrets were used instead of 
human volunteers. One question to be decided was over 
what distance a ferret with influenza could project 
infected particles in sufficient numbers to convey the 
disease to another ferret. In this experiment the ferrets 
were housed in wire-mesh rabbit cages and placed in a 
cubicle some distance apart. It was found that trans- 
mission of the disease from infected to healthy ferrets 
took place in seven tests over an air-distance of 5 feet. 
As a rule the healthy ferret was placed at a higher level 
than the infected animal. This was done in order to | 
make less likely the projection of coarse droplets by a_ 
sneezing ferret, since it is probable that larger particles — 
will not travel more than 1 or 2 feet. The results of other 
experiments suggested that screens interposed between 
the ferrets did help to ward off the infection, and also 
showed that good ventilation by decreasing the number 
of infective particles also interfered with the chances of 
infection. So far as they go these experiments suggest 
that influenza may be spread by small particles in addi- 
tion to the larger droplets, though it is not yet certain 
whether these smaller particles are very small drops or 
fine fragments of dust. So much is clear, however, that 
transmission of influenza from one person to another 
can be largely reduced by any measure which prevents 
the free passage of infected particles into the air, and 
the simplest way of doing this is to hold a handkerchief 
in front of the face when coughing or sneezing. 

The symptoms of influenza are somewhat variable, 
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though there are usually some which are characteristic. 
As a rule, onset of the disease is sudden, the first signs 
often being a headache accompanied by a shivery feeling 
and aching pains in the body. A sore throat and symp- 
toms of a cold or cough are sometimes present ; the 
temperature may reach 103 or 104 in the evening. Mental 
depression frequently accompanies the disease and 
convalescence is often slow. It is well to remember that’ 
after influenza the patient is weak with low powers of 
resistance, so that the danger of complications, particu- 
larly pneumonia, is always present. It is the height of 
criminal folly, not only from the point of view of the 
patient himself but of those with whom he comes into 


contact, to try and “carry on” during an attack of 


influenza however slight. There seems little doubt that 
the virus prepares the way for secondary bacterial attack 
which gives rise to the post-influenzal pneumonias so 
common in some influenza epidemics. | 

Part of the confusion existing at the present time in the 
minds of many people as to what exactly are the symptoms 
of influenza is due to the fact that all kinds of other diseases 
with superficial resemblance to the epidemic disease are 
indiscriminately called influenza, gastric ’flu and so on. 
A. study of epidemic influenza issued by the Medical 
_ Research Council refers to this matter in the following 
words: “The word influenza has become a byword 
in clinical medicine for the description of almost any 
vague clinical condition exhibiting fever without localiz- 
ing signs, and its application has, unfortunately, been 
extended so that it covers conditions other than disorders 
of the respiratory tract. Thus, by the use of labels such 
as gastro-intestinal and nervous influenza, this malady 
has been claimed to have the power of assuming as 
many different forms (polymorphic) as, for instance, 
rheumatic fever. Yet a perfectly definite clinical picture 
has been shown to exist; on the pathological side a 
virus has been recovered whose specific characters are 


/ 


_ THE VIRUSES IN EVERYDAY LIFE 55 


no longer in doubt. Further, other epidemic respiratory 
_ disorders hitherto labelled ‘influenza,’ which differed 


‘ _ clinically from epidemic influenza, have yielded no 


evidence of infection by the specific virus. As evidence 
_ accumulates it becomes increasingly probable that 
_ epidemic influenza is a specific disease caused by a Speci- - 
_ fic virus, and therefore conditions which mimic influenza 
should be called by some other name.” 
_ Let us now consider for a moment that ancient and 
typical virus disease of man which we know as “ small- 
pox.” This is one of a group of related “ pox ”’ diseases 
affecting various domestic animals as well as man, 
cow-pox, horse-pox, sheep-pox, etc. The virus known as 
_ vaccinia is produced, probably by modification, when 
___ smallpox virus is passed through the calf. 
_ Smallpox is probably spread by means of infective 
particles in the air which enter the respiratory tract ; 
the skin can also be infected directly as is shown by the 


_ process of vaccination. The incubation period of the 


disease is about fourteen days, and the first signs of 
illness are a rise in temperature followed by nausea 


and vomiting, headache and backache, sometimes 


accompanied by a slight rash. A characteristic rash 


i usually develops on the third day. Raised areas in the 


skin, or papules as they are called, begin to appear, and 
after about three days they become lesions filled with a 
clear fluid. On the sixth day these vesicles, which have 
a characteristic central depression, pass into a suppurat- 


_ ing or pustule stage. The lesions usually remain isolated 


and distinct, but many run together or coalesce. During 
recovery the pustules dry and pass through the stages of 
drying and crusting. They ultimately leave scars 
which are the “pocks”, once so familiar in recovered 
persons but now luckily rarely seen in this country. 

Vaccination, which should be compulsury, consists 
of rubbing into the skin of the arm or other suitable 
place a small quantity of vaccine virus usually obtained 
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from a calf. This induces vaccinia which, although a- 


local reaction, yet protects the vaccinated person from 
the much more serious disease of smallpox. We shall 
deal more fully with the mechanism of this protection 
in Chapter IX. About three days after vaccination a 
papule appears, and this develops after a further three 
days into a vesicle. During the next three days the 
vesicle passes into the pustule stage and becomes fully 


developed after three days more. The pustule then dries _ 


up, forming a crust or “ scab.” Occasionally constitu- 
tional symptoms accompany the local reaction ; these 
may be mild or quite severe and consist of rise in tem- 
perature, headache, vomiting or general malaise. 
Although smallpox has been and still is a severe and 
dreadful disease, there is some evidencé that present-day 
smallpox, at all events in some countries, has lost part 
of its virulence. There seems always to have existed, even 
before Jenner’s time, a mild form of the disease, known as 
alastrim, and inoculation. with the virus from this dis- 
order sometimes gave immunity to true smallpox. It is 
probable that alastrim, smallpox and vaccinia are all 
_caused by strains of the same virus, although there is 
some contradictory evidence about this. While it is 


apparently not possible to infect a calf diréctly with the — 
smallpox virus, this can be done if the virus is first 
passed through a monkey. A calf so infected with the — 
smallpox virus develops a disease indistinguishable 


from vaccinia. 

The exact relationship between the viruses of smallpox 
and vaccinia is still not quite clear. We have seen that 
when the smallpox virus is passed through a monkey 


and a calf it is no longer capable of producing smallpox | 


but only vaccinia, This. may mean that the virus has 
actually been changed by its passage through the animals, 


Le 


or it may possibly be that the more virulent virus has | 


been dropped out from a mixture of two viruses and the 
milder type or strain which produces vaccinia is left behind. 


THE VIRUSES IN EVERYDAY LIFE a7 


Before we leave this brief consideration of the every- | 
day virus diseases of man I must say a word or two about 
infantile paralysis, or acute anterior poliomyelitis, to 
give it its scientific name. This is an acute infectious 
disease which attacks the central nervous system. It 
is not known to occur normally in any animal other 
_than man, but it can be transmitted experimentally to 
monkeys. For a long time the disease had been thought 
to spread by means of droplet infection in the breath, 
the method of transmission of so many other diseases. 
Just recently, however, an important discovery has been 
_ made whereby our ideas of the way infantile paralysis 

gets about may be radically changed. This discovery 
suggests that the virus of poliomyelitis may be an intesti- 
nal parasite and occur in feces and sewage. Investigation 
into an epidemic which occurred in a camp showed that 
the virus was present in a number of flies which were 


caught out of doors in the vicinity of the camp ‘kitchen. 


A sample of 1,000 to 1,200 flies including green- and 
blue-bottles, house flies and the biting stable-fly, was 
ground up and the extract inoculated into a monkey 
which subsequently developed the disease in 15 days.: 
In another experiment a fly-trap was placed near a privy 
used by three households where poliomyelitis had 
occurred; samples of these flies, about 200, were inocu- 
lated into another monkey which also developed polio- 
myelitis in nine days. | 

It seems possible, therefore, that infection can be 
spread by food, etc., via the alimentary canal, somewhat 
after the manner of spread of typhoid fever, and not by 
the respiratory passages. Children between the ages of 
one and twelve years appear to be most susceptible, 
though other persons can be infected as well. 

There is a good deal of difference in the way individuals 
react to infection with poliomyelitis virus ; in quite a 
large number of cases there may be only a very slight 
feeling of illness which passes off leaving an immunity 
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to further attacks behind it. These cases frequently act | 


as “carriers” of infection. Others show definite symp- 
~ toms ; there is the “‘ spinal ” type of fever, headache and 
gastric disturbance which are usually followed by 
paralysis of certain muscles, particularly of the extremi- 
ties. Then there is the non-paralytic type in which patients 
have the usual symptoms of the disease but do not 
become paralysed, and the bulbar type where paralysis 
of the face muscles may occur, together with respiratory 
palsy and death. 

_ In those cases where paralysis develops, the damage 
may be permanent, and some form of lameness is a 
common after-effect of the disease. In England infantile 


paralysis is always present to a slight degree, and there — 


are sometimes small epidemics in schools. In the U.S.A., 
however, there seem to be more extensive epidemics ; 
such a one occurred in 1916 in New York when there 
were 9,000 cases, 97 per cent. of them being in children 
under 16 years of age. Another alarming epidemic 
occurred in 1931, when there were 13,000 cases in 19 
States of the Union. The way epidemics of this disease 
develop is interesting and difficult to understand, and 
Fairbrother suggests the following theory to explain it. 
He says that in a populous community the poliomyelitis 
virus is usually present and infects a large number of 
people, only a few of whom develop poliomyelitis. The 
majority undergo “‘sub-clinical infection”, showing little 


or no signs of illness, but yet obtain a high degree of — 


immunity associated with the presence of antibodies in 
the serum (see Chapter IX). These individuals become 


healthy carriers and assist the dissemination of the — 


disease. 

- Having briefly considered a few of the everyday virus 
diseases of man, let us now glance at one or two viruses 
affecting some of the animals closely associated with 
man, beginning with the dog. There are two common virus 
diseases of the dog with which you are probably familiar, 
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_ these are rabies and distemper; and since rabies js 


dealt with elsewhere we will confine ourselves to a short 


_ discussion of distemper. The disease has been pre- 


valent in this country since the days of Jenner and is 
_ one of the most serious to which young dogs are liable. 
_ Since the symptoms of distemper ‘are sometimes very 
_ varied it is not always easy to diagnose. Dunkin and 
_ Laidlaw have shown, however, by their careful study of 
_ the disease that the symptoms of true distemper are 
_ characteristic enough, and that much of the confusion 
__ is due to symptoms caused by secondary infection which 
_ follow on after the virus. For a long time there was 
_ difficulty in studying distemper because so many of the 
_ young dogs used in the experimental work had already 


"been infected earlier in their lives and so had acquired 


_ immunity to the disease. Such dogs, of course, were 
_ useless for any kind of experimental work. Dunkin and 
_ Laidlaw finally solved the problem by using a stock 
of dogs bred specially for the purpose under conditions 
_ of the strictest possible isolation. They found that all 
_ puppies from this source were susceptible to the disease. 
The maximum incubation period of the disease may 
__ be three weeks but is usually less than that. Where there 
_ are many cases of the disease, as may occur in large 
_ kennels, severe symptoms of catarrh are frequently 


ee present. The eyelids may be stuck together and the © 


_ nose obstructed. Bronchitis or broncho-pneumonia 
_ frequently develop. In some outbreaks of distemper 
_ diarrhea may be a prominent symptom, while in others 
a large proportion of the cases develop fits or convul- 


_ sions. In the latter case the death rate is high, and even 
- in the event of recovery some permanent damage to the 
_ hervous system sometimes remains. It is probable that 


_ distemper behaves similarly to influenza in paving the 
_ way for the invasion of the lungs by various types of 
bacteria which cause many fatalities. 

Dog distemper is a very infectious disease and is 


é 
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spread by contact between sick and healthy dogs. It is 
probable also that the virus can be air-borne over short 
distances in confined spaces. The work of Dunkin 
and Laidlaw has robbed the disease of much of its 
terror, and all dog lovers are greatly indebted to these 
two workers. 

The distemper virus does not infect man, and many of 
the usual experimental animals, such as rabbits, 
guinea-pigs and white rats, are also resistant to infection. 
Ferrets, stoats and weasels, however, are all susceptible, 
and ferrets have been extensively used by Dunkin and 
Laidlaw. You will remember that the ferret has also 
proved most useful in the study of influenza. 

Let us leave the virus diseases of the dog now and 
consider for a moment a similar disorder which affects 
that solace of the old maid and retired sea captain, the 
parrot. You may think that such a hardy and long-lived 
bird would be free of virus infection, but this is not so, . 
and the parrot is susceptible to a virus disease known as 
psittacosis or “‘ parrot fever *» which also attacks man. © 
The first spread of this disease among human beings 
was recorded in Switzerland about the year 1879 and 
- again a few years later in Berne. In 1892 there was a 
serious epidemic in Paris which was traced to a con-— 
signment of parrots from Buenos Aires. The infection 
arose in the homes of the two men who had imported 
the parrots and gave rise to a total of 47 cases of psittacosis 
with 13 deaths. There was a big outbreak of the 
disease in Germany in 1898, and it seems to have been 
present in the U.S.A. since 1904. In England up to 1929 
when there was a serious epidemic, only six cases had 
been. recorded. Just recently, however, there has been 
another slight epidemic at the London Zoo among the 
attendants who looked after the parrots, some of which ° 
had recently been imported from the New World. 

‘The way psittacosis kept cropping up in different 
countries made a more searching inquiry necessary, and 
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this inquiry revealed several interesting facts. For exam- 


ple, in the U.S.A. an effort was made to stamp out the 
disease by forbidding the importation of any more 
parrots from S. America, and yet people continued to 
develop psittacosis. And it was found that most of these 
people became infected from their own pet budgerigars, 
or lovebirds as they are usually called. There is a large 
industry in California in the breeding of these birds, and 


‘investigations there showed that a high percentage of 


them were infected with a mild form of psittacosis. The 
virus is present in the droppings of infected birds, and it 
is probable that the young birds contracted the disease 
from these droppings and then recovered after a transi- 


- tory illness. Such birds appear to retain the virus and 


pass it on to other birds, including their own progeny, 
and also infect man. During this work on budgerigars 
200 wild lovebirds were imported direct from Australia 
on the assumption that they at all events would be free 
of the virus. Nevertheless it was found that quite a 


number of them also developed psittacosis,-and since 


they could not have been infected in California they 
must have already had the virus in Australia. Investi- 
gations were therefore started in that country, and Bur- 


% nett describes how the first batch of young parrots pur- 


chased from the nearest bird shop were found to be 
infected with a mild but definite psittacosis. 
It seems, therefore, as if psittacosis does not develop it in 


_ epidemic form (epizootic) among parrots in their natural 


surroundings. But in captivity, where they are often kept 
under dirty and insanitary conditions, the disease seems 
to gain the upper hand ; as Burnett says, it is as if some- 
thing had tipped the balance in favour of the parasite. 

_ The symptoms of psittacosis.in the parrot are those of 
a severe disease ; the bird sits listlessly without movement, 
the feathers are ruffled and dirty, and frequently there 
is a discharge from the. eyes and nostrils. Post-mortem 


"examination shows that the spleen is enlarged. 
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In man the psittacosis virus causes a very serious. 
illness somewhat resembling typhoid. There is high ~ 
fever frequently accompanied by influenza-like pains. 
and the lungs are affected. The duration of the disease 
is from two to six weeks with a slow convalescence. The — 
rate of mortality is high, about 20 per cent., and both 


sexes and all ages are affected. | 
The best way to avoid the disease is to keep away from 


parrots, and if you must have a parrot as a pet do not, 
above all, allow the bird to put its beak in your mouth — 


to obtain some morsel of food. Any parrot which 
develops suggestive symptoms should be destroyed at 
once. ; } 

In those countries where the disease is not normally 
present (endemic) the importation of parrots and related 
birds should be prohibited. It is also worth noting that 
the disease has been observed in fulmar petrels in the 
Faroe Islands and in pigeons in S. Africa and the U.S.A. 


Before we conclude this chapter on everyday virus 
disease I want to say a word or two about the viruses _ 


affecting mice. It may surprise you to learn that the virus 
diseases of mice have quite an important bearing on the 
study of similar disorders in man, and for this reason : 
the mouse is now used to a large extent as a laboratory 
animal and is susceptible to many of the viruses which 


_ affect other animals, man included. Obviously, therefore, — i 


it is essential to have a clear understanding of the mouse’s 


own virus diseases before attempting to use it as a means — 
of studying others. Otherwise you run the risk of putting ~ 


in one virus and getting another out, and this may be 
dangerous as there are at least two mouse viruses which 


are also transmissible to man. Most interesting among 


the mouse viruses are those which are sometimes referred 
to as “‘ spontaneous virus diseases.”’ Such viruses occur 


in apparently healthy mice, and it is only after repeated — 


transfer of the virus from mouse to mouse that it in- © 


creases in virulence and becomes capable of causing — 
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disease in other mice. There are two or more viruses 
which occur in the lungs of apparently normal mice : 
one of these increases in virulence as it is passed from 
mouse to mouse until it produces a type of pneumonia 
which is rapidly fatal. This virus can also be trans- 
mitted to ferrets and hedgehogs. The second ** spon- 
taneous ”’ virus is also apparently harmless until passed 
through a series of mice when, like the first, it becomes 
rapidly fatal ; it cannot, however, be transmitted to other 
animals. . . 
Some years ago a spontaneous virus disease of a_ 

different kind was observed in mice by Theiler in America. 
He found among the stock mice of his laboratory a 
young mouse with paralysis of the hind legs. Experi- 


ment showed that a virus was concerned with this disease 


and that it could be passed on indefinitely from mouse 
to mouse. Sometimes the mice died and sometimes they 
recovered, but complete recovery was unusual and some 
form of paralysis of the extremities frequently remained. 


-- Young mice were invariably more -easily infected than 


older mice, and suckling mice died without symptoms of » 


- paralysis being observed. 


Now all those symptoms, together with certain internal 
_ effects of the disease on the spinal cord, are very similar _ 
to the symptoms of a human disease which we have 


already discussed in this chapter, infantile paralysis, 


and it would be very interesting indeed if we could say 


_. there was some connexion or relationship between the 


two diseases. However, experiments carried out with 
monkeys and mice failed to show that the two viruses 
were related, and neither one conferred any immunity 
against the other. It has been discovered, however, that 
the mouse poliomyelitis virus is passed out of the body 
with the excreta, and this is interesting in view of the 
recent ‘suggestions that human poliomyelitis virus is 
also excreted and is thus liable to be spread by flies. 
Apparently spontaneous virus diseases are not con- 
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fined to’ mice ; they appear in other animals, notably 
rabbits and guinea-pigs, and a somewhat similar pheno- 
menon is observable in plants. The question as to where 
these infections arise is one of great importance, and 
when it has been answered we may have made a definite 
step forward in our knowledge of the nature of viruses. 

In the next chapter I am going to tell you something 
of the part played by viruses in causing disease among 


our farm animals and in the crops and flowers of farm — 


and garden. 


oo 


CHAPTER IV 
THE VIRUSES IN FARM AND GARDEN 


SO far we have seen something of the relationship of the 
viruses with insects and of their activities in our everyday 
life. You are probably not aware, however, of the extent 
_ to which viruses are present among the living and 
growing things of the farm and the garden and how 
profoundly they may affect the fortunes of those con- 
cerned with the wellbeing of our animals and crops. 
Let us begin, then, with the virus diseases of two familiar 
farm animals, the pig and the cow. | 


The Pig, the Worm and the Virus 


: Although the pig is susceptible to more than one virus © 
disease, I propose to confine my attention to one parti- 


cular virus because it presents many interesting pheno- ~ 


mena. 

The pig is quite frequently attacked by a virus disease 
known as swine influenza, and this disease is so similar 
to human epidemic influenza that it has been suggested 
that the virus of swine influenza may actually be the virus 
of the great human pandemic of 1918 which has become 
adapted to the pig and has persisted in it ever since. 

__ The particular story I am now going to relate opens 

with the work of Shope in America about the beginning 
of 1939. Shope had long been puzzled how to account 
for the sudden appearance each autumn of an epizootic 
(epidemic disease among animals) of influenza among 
pigs which had been perfectly healthy and apparently 
free of the virus for the preceding eight or nine months 
of the year. The explanation seemed so obscure that 
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suggestions were made that the virus might even be 


arising spontaneously inside the pig. However, there 
was a possibility not yet tested, and it was suggested by 
a popular belief among farmers in the middle western 


states of America that the earthworm had something | 


to do with hog cholera, or swine fever as we call it. 
This is another virus disease of pigs and one with which 
we are not concerned at the moment. Could the earth- 
worm, therefore, be in any way connected with the 
spread of swine influenza? Now the connexion between 
earthworms and swine influenza may seem at first a 


little obscure, although, as most people know, pigs will © : 
cat worms readily enough if they have the opportunity. 


But the earthworm is well known to be the host of 


another kind of worm, a parasitic worm which spends — 


part of its life-cycle in the earthworm and part in the 
lungs of the pig, and it will help to make matters clearer 


if we first understand briefly the life-cycle of this parasitic 


lungworm. The developing eggs are deposited in the 


Jungs of the pig by the female lungworm ; these are 


coughed up and swallowed by the pig and eventually 


passed out with the feces. The eggs are next swallowed _ 


by an earthworm in which they hatch into what are 
called “ first stage” larve. - They undergo two further 
developmental stages in the earthworm, eventually 


reaching the third or infective larval stage. At this stage 


they are capable of infecting pigs, and these third-stage 
larve are now localized in large numbers in the heart, 
gizzard, or certain glands of the earthworm. Here the 
larve must wait until the earthworm is swallowed by a 
pig, and if necessary they can wait as long as four years 


in this third-stage larval condition. When the earthworm — 


is eventually swallowed by the pig, the lungworm larve 
become liberated in the intestines of the animal. They 
_ next bore through the intestinal wall and make their way 
mto the pig’s lungs where they undergo two more 
developmental stages, finally becoming adult lungworms. 
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Here, then, briefly is the life cycle of our lungworm, and 
the next step was to find out if these lungworms could, 


’ in fact, carry the virus of swine influenza, and this is how 


it was done. Three pigs were inoculated with the virus 
of swine influenza and then killed on the third, fourth 


and fifth day respectively after the onset of the disease. 


Lungworms were taken from these pigs and cut up in a 


little water to release the eggs ; these were mixed with ~_ 


pig feces and placed in a barrel of soil. To the barrel were 


then added about 400 earthworms ; five weeks later a 


few of the earthworms were beomined and were found to 


sbe infected with lungworm larve. 


Now comes the crucial test: will the earthworms 


carrying the lungworm larve produce influenza in pigs 


to which they are fed ? The experiment was duly carried 


_ out but the pigs remained healthy. It so happened, 


however, that the pigs were being given intramuscular 
injections of a bactertum, Hemophilus influenza suis, 


which is frequently associated with the disease of swine 


influenza. Such an injection was given to these pigs 
some time after they had eaten the earthworms and soon 


_ the pigs developed typical swine influenza. You may say 


at this point that this proves nothing and that the influ- 
enza was due to the injection of the bacteria alone. This 
is not so, however, for several reasons ; firstly, the same 
result is achieved if the injections are made with heated 
bacteria or even with calcium chloride. Furthermore, © 
injections of the bacteria into pigs not containing the 
infected worms produce no effect. 

The explanation seems to be that the virus is present 
in the lungworm in a masked or non-infective form and 
must be rendered active by some provocative stimulus 
applied to the pig which is infested. Such a stimulus is. 
given by the intramuscular injections with the bacterium 
Hemophilus influenza suis. 

* Shope has found that the virus can persist in its 


intermediate host, the lungworm, for at least two years. 
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With the knowledge and the technique thus briefly de- 
scribed it has been possible to provoke swine influenza 
in properly -prepared pigs during the autumn, winter 
and spring, but not during the summer, and the reason 
for this failure is not at present known. There is no 
evidence at present that the lungworm can also transmit 
that other virus disease of pigs, swine fever. 

It is obvious that more research is needed before the 
whole of this remarkable story is made clear, although - 
the most important pen in the cycle of events are now 
elucidated. 


Foot-and-mouth Disease 


How often does one read in the daily paper that an 
outbreak of foot-and-mouth disease has-been confirmed 
near such and such a town and a “ standstill” order on 
the movement of cattle has been instituted ; or for the 
same reason the agricultural show at so-and-so has been 
abandoned and all hunting in the district has been 
stopped ? Headlines in the cheaper papers are wont 
to refer to foot-and-mouth disease as ‘‘ animal flu,” 
but this, of course, is mere “ journalese,” as there is no 
relationship between the viruses of foot-and-mouth 
disease and influenza other than the fact that both are 
infectious virus diseases liable to appear in epidemic 
form. In fact, foot-and-mouth disease is the most con- 
tagious animal disease known, and great epizootics 
have spread across the Continent of Europe at different 
times. There was one such in 1920, and McKinley 
states that in S. Germany there were 23,369 infected 
townships with 181,067 affected premises. In France 
during this period there, were 6,192 infected townships 
and over 37,000 premises affected. At the same time 
England suffered the loss of nearly 4,000 cattle, over 
9,000 sheep and 1,700 pigs, and much the same thing 
was true of Holland, Austria and Hungary. Since that 
time the disease has flared up again at intervals, causing 
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great loss ; in England, thanks to the policy of ruthless 
slaughter of all infected animals and burning of the 
carcasses, the loss is reduced to a minimum and further 
spread of the virus from a given focus prevented. 

The disease is spread whenever an infected animal — 
comes into contact with a healthy one, probably by 
droplets in the breath. Another and more common 
method of infection is indirect transmission by contami- 
nated material of all kinds, the excreta of infected animals, 
soiled straw, contaminated drinking water, yards, 
pastures and highways, and by the men working on or 
around the farm. : 

Foot-and-mouth disease starts with a rise in tempera- 
ture which may last for two or three days ; this is followed 
by lesions or blisters which develop on the mouth, and 
in the case of cattle on the muzzle and at the bases of 
the horns and on the snouts of pigs. Lesions may also 
_ develop on the teats and udders of cows. The infection 
on the hoof usually appears at about the same time as the 
vesicles on the mouth and causes severe pain and lame- 
ness. The animal may refuse to walk at all and lies on 
the ground. Pigs when affected with the disease can 
‘sometimes be seen trying to walk on their knees. The 
vesicles on the feet usually burst before those in the — 
mouth and become mixed with dirt and form crusts. 
Intense salivation is also a symptom, and the saliva 
accumulates in the mouth in great quantities. The 
disease is seldom fatal, recovery being the rule; the 
lesions in the feet may, however, take several weeks to 
heal completely. | 

Animals naturally susceptible include cattle, pigs, 
sheep, goats, marmots, deer, reindeer and hedgehogs. 
The horse is not susceptible to foot-and-mouth disease, 
but while man is usually resistant to infection, human 
_ cases have been recorded. Among experimental animals 
the. guinea-pig, the hedgehog and the rabbit may be 
mentioned. 
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The virus of foot-and-mouth disease occurs in at 
least three types or strains which have been named 
“A.” “O,” and “C,” This phenomenon is of great 
practical importance, because no one of these three 
strains gives immunity against\the other two. This makes 
it very difficult to prepare a vaccine which would confer 
immunity against all three types of virus. | 


There is one particular fact about foot-and-mouth 


disease which is both interesting and important, and it 
concerns the outbreaks of the disease. These outbreaks 
are liable to occur suddenly and in absolutely isolated 
districts where no source of infection is apparent. 
Various theories have been brought forward to account 
for these sudden appearances of the virus. The most 
popular is that the virus is carried on the feet of starlings 
or seagulls which have migrated from infected areas 
on the Continent, and there is some circumstantial 


evidence to support this. An alternative explanation — 


is that hedgehogs are responsible for the spread of the 


virus. It is true that these animals are susceptible to the - 


disease, but outbreaks frequently occur in districts 


where hedgehogs are unknown. It is, of course, tempting © . ) 


to put forward the theory that the virus may be formed 
inside the cells of the animals themselves and so have 
no external origin in the first place. If this were so, 
however, the disease would surely be present in every 
country possessing susceptible animals, and this is not 
the case. Australia, for example, by rigid quarantine 
rules has kept out the virus, and no outbreak of foot-and- 


mouth disease has ever been recorded there. Probably . 


the true explanation of the way foot-and-mouth disease 
travels about the country is yet to seek. 

So far in our discussion of virus diseases I have not 
mentioned one attacking insects, and by this I do not 
mean an insect vector of a plant or animal virus but an 
actual virus disease specific to an insect. There are 
several of these known, but since we are dealing with 
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the viruses of farm and garden, I have chosen for dis- 
cussion one which affects the honey bee. 


- Sacbrood of Honey Bees 


The name “sacbrood”’ seems to have been given 
because of the sack-like appearance of larve killed by . 
the virus. Incidentally the virus diseases of insects 
_ appear to attack only the larval and occasionally the 

pupal stages and not the adult insect. - | 
_ Sacbrood: occurs wherever bees are raised, and 
it has been recorded from many European countries 
including the British Isles and from the U.S.A. and 
- Canada. According to Glaser, most of the infected bee 
_ larvee die in the “capped”? cells during the last two days 
_ previous to changing into the pupal condition. The 


infected larva passes through a gradual degeneration 


from the time it first dies until it has become a dried 
‘scalelike mass. During this process the colour changes 
from the normal bluish-white to yellowish and then to — 


a a deepening brown colour, while the contents-of the larval 


___ skin becomes less and less fluid until only a dried “‘ scale” 
j remains. | 

The way this virus gets about is not definitely known, 
though Glaser suggests that, so far as spread inside the 


hive is concerned, a certain amount of infection may be 


carried to healthy larve by the worker bees themselves. 
There is a tendency on the part of adult bees to remove 
dead larve often in a piecemeal fashion; in this way the 
jaws of the bees become contaminated with the virus 
and this is passed on when the healthy larve are being 
tended. Possibly contamination of flowers or the water 
supply is one way whereby the virus may be first intro- 
duced into the hiye. It is not known how the virus is 
carried over from one breeding season to the next. 

It has been shown that only recently dead larve are 
infectious ; no virus can be recovered from larve which 
have been dead for more than one month. Similarly, 
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‘the virus remains virulent in honey or in pollen for one 
month ; after this time it is non-infectious. 

Glaser considers that there is little fear of infection 
being carried on the hands or clothing of the operator 
or on tools used about the apiary or by the queen. The 
tendency of an infected colony is to recover from the 
disease and there is no necessity to flame or burn the 
inside of the hive or to treat the ground about a hive 
containing an infected colony. : 

I want now to tell you something of the virus diseases 
affecting farm and garden crops, and since we have just 
been discussing a virus affecting bees the step is not a 
very great one from bees to flowers, so we will commence 
with the homely wallflower. 


Why the Wallflower Changed its Colour 


Some years ago a large firm of seedsmen received 
complaints from their customers that numbers of wall- 


flowers of the favourite blood-red variety had failed to 
set flowers true to type and instead had produced red 


flowers with rather an ugly yellow stripe or fleck. The 
plants themselves showed no very obvious symptoms 
of disease and there were no signs of disease-producing 


fungi or bacteria. All the evidence then suggested that. 


_a virus was probably the cause of the trouble and investi- 
gations were accordingly commenced. Now when a 
suspected new virus is under study, the investigator 
usually tries inoculating, in the case of an animal virus, 
one or more “laboratory animals” such as mice or 
guinea pigs, to see if he can find a convenient host for 
testing and studying the virus. In the plant virus world 
the botanical counterpart to the “‘ laboratory animal ”’ is 
the tobacco plant which seems more susceptible to 
attack by viruses than any other plant (see Fig. 2). 
Therefore the tobacco plant was used in the study of 
the striped wallflower, and the following experiment was 
made. Some of the variegated wallflowers were pounded 


| 
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up in a mortar and the resulting juice was rubbed lightly 
with the forefinger on the leaves of a young tobacco 
plant. Nothing happened to the tobacco plant for about 
a week, and then the rubbed leaves developed a number 
of dark red spots which increased slightly in size and 
then spread no further. This phenomenon was sufficient 
to indicate to the trained virus worker that there was a 
virus present in the wallflower petals and the red spots 


_ on the tobacco leaves were multiplication points of the 
__ virus. The next step was to confirm that the red spots 


on the tobacco leaf and the yellow stripes in the wall- 
flower were both due to the same virus. To do this a 


number of young wallflowers of the blood-red variety 


were obtained and divided into two lots; one lot was 
inoculated with the ground-up tobacco leaves which 
showed the red spots, and the other lot was left uninocu- 
lated. Some weeks later when the plants came into flower, 
the batch inoculated from the tobacco plant developed 
flowers with yellow stripes, while the non-inoculated 


, “control” batch showed the normal self-coloured red 


flowers. As a matter of fact the striping of the flower 
is not the only sign of the disease, because the leaves. 
of an affected plant also show a mottling and the general 


health of the plant is poor compared with a normal 
‘wallflower. Here, then, was proof that the change in 


flower colour was due to a virus which could be trans- 
mitted in the sap. But it was necessary to know more 


than this : what other common plants were susceptible 


to the virus, for example, and how did it get about? 
Now since wallflowers belong to the same plant family 
as those familiar and important crops the cabbage, 
broccoli and brussels sprouts, the obvious step was to 
try the wallflower virus on some of those. So the test 


was made and sure enough the virus infected the cabbages 


producing a severe disease, a condition in cabbages 
which had long been familiar, though no one had thought 
of connecting it either with a. virus or with wallflowers. 


; ( 
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As you have read in Chapter II, the majority of plant. 


viruses depend on insects to carry them from plant to 
plant and, in England at least, the kind of insect chiefly 
concerned in this nefarious game is the aphis or greenfly. 
So the most common kinds of greenflies which live on 
cabbages and wallflowers were tested out and it was 
found that the aphis Myzus persice transmitted this 
virus with great regularity. You may remember that we 


have already made the acquaintance of this insect in 


Chapter II in discussing the spread of certain virus 
- diseases of the potato and we shall have occasion to 
refer it to again later in this chapter. 

So now we know what happened to the wallflowers 
which changed their colour : they were infected with a 


virus brought to them by an aphis from nearby cabbages _ 


or broccoli which were themselves infected with this 
virus. As a rule the wallflowers get infected during the 


ait, 


autumn, and the disease shows itself when the plant 
flowers in the following spring. Further investigation — 
has shown that most of the flowering plants belonging © 

to the Crucifere, that is the family containing thecabbages _ 


and related plants, are also susceptible to infection, 


and similar changes in the flower colour may be observed 
in stocks, honesty, sweet rocket.and other plants. Such 


colour changes are known technically as “ breaking,” 
and perhaps the best-known example occurs in the 


normally self-coloured flowers of tulips (see Fig. 3).. 


In this case, however, it is caused by a different virus 
from that affecting the wallflower, though it is trans- 
mitted by the same insect. 

I want now to pass on to the consideration of the 
potato, a more important plant than the wallflower, and 
to show how it is affected by viruses. 


The Degeneration of the Potato 


Almost from the time of the importation of the 
potato into England, farmers and others concerned 
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with the growing of this crop had noticed how the yield 
decreased progressively when the grower saved ‘his own 


“seed.” The first year the drop in yield might not be so 
_ marked, but each succeeding year the deterioration 


increased, the plants became distorted and stunted with 


rolled or mottled leaves, until it was no longer profitable 
to dig the crop. 
Round this so-called “‘ degeneration” of the potato 


_ taged a great controversy and various theories were put 
_ forward to account for the phenomenon. A favourite 


explanation was that potatoes suffered from a kind of 
senile decay owing to the continued propagation by 


_ asexual means. Later, however, there was strong criti- 


cism of this theory because it was known that potatoes 
grown in the south of England degenerated more quickly © 


than those grown in the north. Moreover, there were 
___ cases known of farmers living in isolated places near the 
coast or high up on lonely hillsides who had saved their 


own “seed” potatoes year after year and in spite of this 


had not experienced appreciable degeneration in their 


; _ potato crops. So long ago as 1778 a writer suggested 
_ that this so-called degeneration might be due to a disease 


similar to smallpox and he had also noticed that the 
progeny of a “degenerate” potato plant was always 
similarly diseased. 


. _ It was not until about 1916, however, that the problem 


of the progressive degeneration of potato plants grown 


1 4n England was solved. Various investigators into this 
_ problem, particularly those working in Holland, demon- 


Strated several important points. First they showed’ 
that the so-called degeneration of the potato was in fact 


a disease, secondly this disease was infectious, and 
_ thirdly it was transmitted from diseased to healthy 


A potato plants by the agency of aphides or greenflies. 


Since that time much intensive research has been 
carried on and a great deal of additional information 


: _ about the virus diseases of the potato has been obtained. 
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We know now that there are a dozen or more viruses 
affecting the potato plant and that these may occur 
singly or in combination in the plant. Some of these 
viruses, but not all, are spread by aphides, largely by 
the aphis Myzus persice whose acquaintance we have 
already made ; others are apparently not insect-trans- 
mitted and their methods of spread are not yet under- 
stood. These other viruses, however, do not have the 
same economic importance as those which are insect- — 
transmitted. 

I have mentioned that potatoes grown in the south of 
England degenerated more rapidly than those grown 
further north, and if we go further north still, up into 
Scotland in fact, the degeneration reaches a minimum. 
Here, then, is the reason why Scotch “‘ seed ’’ potatoes 
are so much better than English, and why the English 
potato grower usually gets his potato seed afresh each 
year from Scotland. There are various reasons why — 
Scotch “‘ seed ’’ potatoes are better than English, and 
the main one is the comparative absence of the insect 
vector, the aphis Myzus persice, from the seed-growing 
areas in Scotland. This is largely due to the climatic 
conditions which are unsuitable for the insect. Another 
factor in the production of good Scotch “ seed *’ is the 
practice of cutting off the tops of the potato plants 
before they are fully ripened. This reduces the risk of | 
late virus infection because the virus may not have reached 
the tubers before the haulms are removed. | 

It is not generally realized how rapid is the spread of 
virus within the potato crop and how soon a state of 
degeneration can be reached. The virus disease which 
has the most degenerating effect upon the potato is that 
known as leaf-roll, and it is most efficiently spread by 
the aphis Myzus persice. To illustrate this let me quote 
a few lines from an article by Samuel on potato planting ~ 
in relation to growing good seed crops. ‘“‘ Consider a 
new stock from Scotland or Ireland with only 1 per cent 
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of plants infected with leaf-roll the first year it is grown. 
_ If infection is transmitted on an average to five healthy 
plants around each leaf-roll plant, the stock when grown 
the second year will have approximately 6 per cent. in- 
_ fection. If a similar amount of virus transmission takes 
_ place during the second year also, there will be approx- 


- imately 36 per cent. of plants infected in the third year 


crop. The stock would then bea very poor one and useless 
for further seed-saving. This example gives an indication — 
why so much seed, even from the best stocks, is dis- 
carded after it has been twice-grown from Scotland or 
Ireland.”’ It should be realized, of course, that the rate 
of spread of the leaf-roll virus depends on a good many 
factors and will vary from year to year according to the 
number of aphides available and local environmental: 
conditions. 

Before I leave this brief consideration of the potato 
and its virus diseases I woul like to introduce to you the 
curious phenomenon of virus “ carriers.”” You have 
_ probably heard of the typhoid carrier ; this 1s a person 

who, though perfectly well himself, yet carries the typhoid 
bacillus in his body and is thus a source of infection to 
other susceptible persons. Several potato varieties are | 
capable of being infected with a particular virus and 
while showing no symptoms and not being adversely 

_ affected in any way are yet able to infect other non- 
carrying potato varieties which may become seriously 
diseased. Perhaps the best known and most interesting 
of all plant virus-carriers is the favourite potato variety, - 
King Edward. This is not a typical case because it 
_ presents certain differences in behaviour from the usual 
carrier, but I give it here because of its interest. Briefly 
the facts are these : all samples of King Edward potatoes, 
including the recent mutation “‘ Red King,”’ are infected 
with a virus, the presence of which cannot be detected ~ 
from the appearance of the plant alone. As you probably 
know from practical experience, the King Edward 
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potato gives a healthy plant with a good average crop 
unless affected by other virus diseases. Now this is 
where the virus carried by the King Edward potato 
differs from other ‘“‘ carried’’ viruses ; it has, never 
been known to spread in nature to other potato varieties, 
nor can it be transmitted artificially by inoculation of — 
the sap or by means of insect vectors. How, then, you © 
ask, is it known that a virus is there at all? The answer 
is, by means of grafts ; if a piece of anormal King Edward — 
potato is grafted to certain other varieties of potato, | 
these latter develop a very virulent virus disease. Not all © 
potato varieties when infected with this King Edward © 
virus show a disease ; some on the contrary receive the 
virus, which multiplies within the plant, but carry it — 
without any visible symptoms exactly as the King Edward 
variety does. 
Now, if we consider the matter for a moment, itis — 
quite clear, that some fundamental questions on the 
origin of viruses are involved. Since all samples of this 
variety of potato, from whatever source they may be 
obtained, contain the virus, then it is clear that the | 
original King Edward seedling must have contained the 
virus. But how did the original seedling get infected 
with a virus which does not spread in nature, and more- 
over has never been observed to occur naturally in any 
other plant ? Can it be that this virus is a normal con- — 
stituent of this particular potato variety or did it, perhaps, 
arise within the first King Edward seedling? These are 
questions which cannot at the moment be answered, 
but we shall speculate further on the point in Chapter X. 


The Tomato and the Cigarette 


There is a story told of two American tobacco growers, 
one of whom was much troubled by outbreaks of tobacco — 
mosaic disease in his crop, while the.other managed to 
keep his plants fairly clear of the trouble. Furthermore, — 
our first grower noticed that the mosaic tended to occur 
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_in straight lines through his plants instead of sporadically 


as is more usual. Now we know that while the virus of 
tobacco mosaic is very infectious it is not insect-trans- 


titted, and anyhow insects do not move in straight lines. 
No, the disease seemed to follow the movements of the 


men who tended the plants. It seemed likely, therefore, 
that they were the transmitting agents. Closer inquiry 


into the personal habits of the workers revealed the 


~ 


fact that several of them indulged in the practice of 


2 chewing tobacco, and herein, although you may not 


have guessed it, lies the clue to the mosaic infection. 
The virus of tobacco mosaic is one of the most stable and 
resistant viruses known, and some brands of chewing 
tobacco are not subjected in the curing process to suffi- 


“ciently high temperatures or other treatment which 


would destroy the virus. In consequence the men who 


chewed tobacco-were liable to have virus on their hands 
or implements and the transfer of the virus to the plants © 


under their care was therefore an easy matter. It has 
since been found profitable to issue those workers with 
sterilized chewing tobacco in which the virus has been 


destroyed by high temperature. By this time perhaps you 


will have seen the connexion between this little story and 
the heading to the paragraph—The Tomato and the 
Cigarette. The virus of tobacco mosaic is capable of 
causing disease in many other plants besides the tobacco, 
and one other plant which it frequently infects is the 
tomato, producing a disease known as tomato mosaic. 

In itself this disease is not a very serious one, but infected 
plants show a marked mottling of the’leaves and make 


_ Tather poor growth, while the fruits themselves are re- 


duced in size and quality and are frequently marked and 
malformed. In'the aggregate, tomato mosaic is the cause 
of serious loss to growers every year in all parts of the. 
country. | 
Frequently a tomato-grower has come to us and com- 
plained that in spite of all his efforts the disease re- 


4 a " “ 
ret wl 
“ei it si hie i! 
* Che 
if oats Rayo, Mike ae 


80 BEYOND THE MICROSCOPE 


appears every year in his glasshouse crops of ‘Simioes. 
You ask him what are the precautions he has taken. and | 
he replies that his glasshouses. have been cleaned, the 

soil sterilized, seed obtained from a new source, houses 
fumigated and so on. But, I say.to him, have you 
stopped your men smoking cigarettes while they handle 
the tomato plants? No, he says, he didn’t know that 
mattered ; but it does matter, quite a lot, for many 
brands of cigarettes and pipe tobacco contain the virus 
of tobacco mosaic in an infective state, and it is an easy 
matter for the hands to be contaminated with virus 
from holding the cigarette and then the transfer of virus 
to the plants follows almost automatically. It is only 
necessary to infect one or two tomato plants in a house. 
holding several thousand ; after that the virus is passed 
on from plant to plant on the hands of the workers 
during routine tending of the crop, so that before the 
end of the season, every plant in the house may be infec- 
ted. So remember this, you cigarette smokers who tend 
tomato plants, wash your hands thoroughly with soap | 
and hot water before you start work on the plants, and — 
don’t smoke whilst you are handling the crop. 


Fig. VI. When concentrated 
and highly purified the virus of 
the tomato bushy stunt disease 


forms these remarkable crystals. 
(Photo. R. Markham.) 


is 


Fig. V. Tobacco mosaic 
virus, photographed by 
means of the electron: 
microscope. The long 
thread-like nature of the 
virus is shown. The ob- 
long dark bodies are 
bacteria. Magnification 
eleven thousand, — 


Fig. VII. A strain of tobacco mosaic virus which gives rise to these 
curious outgrowths on the undersides of tobacco leaves. This 
particular virus was isolated from a well-known brand of cigarettes. 


Fig. VIII. Tobacco necrosis virus, photographed by means of 
the electron microscope. Note that this is a spherical Virus ; 
compare with Fig. VI. Magnification fourteen thousand. 


(Photo taken at the National Physical Laboratory and reproduced 
by courtesy of the Director. Crown copyright is reserved.) 


CHAPTER V 


_ THE VIRUSES IN THE TROPICS 


Jungle Yellow Fever | 


_ I have already told you in Chapter II something about 
yellow fever in dealing with the insect vectors of this and 
other virus diseases. I want now to discuss the matter a 
little further, particularly in relation to what is at present 
a partly unsolved mystery. We have seen so far that the 
spread of yellow fever seems to be a simple one, the 
cycle of man-mosquito-man ; in other words, a “ house 
and city’ disease, the mosquito being Aédes @gypti. 
Unfortunately, however, an occurrence in Brazil in 1932 
completely upset this theory. This occurrence was ‘an 
epidemic of undoubted yellow fever which broke out 
among workers in the fields and forest clearings away 
from contact with other men and in localities where the 
mosquito Aédes w@gypti does not occur. ' 

Such a type of infection has been called “ jungle 
yellow fever” to distinguish it from the yellow fever 
of cities, although there is no-difference in the diseases 
as such. This is what Dr. Soper says of it : “‘ This jungle 
yellow fever is not only a severe scourge of exposed 
rural populations but also constitutes a permanent 
reservoir of infection from which cities and towns may 
be re-infected. Thus the dream of an American continent 
free of yellow fever vanishes, and what was scheduled ‘to 
become the first ‘ dodo’ of infectious diseases, through 
deliberate human efforts at control, returns to its proper 
place in the public health conscience as one of the impor- 
tant permanent threats to the sanitary peace of the: 
continent.” | : 

These words show plainly enough the importance of 
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what. you might otherwise have considered merely 
another outbreak of yellow fever. Now the important 
questions concerning jungle yellow fever are these : 
what is the source of virus, since it obviously cannot be 
man himself in the jungle, and what is transmitting the 
virus, since the mosquito, Aédes egypti doesn’t live 
in the jungle either ? 

It is at this point that. we turn to the great work done 
by the Rockefeller Foundation of America: under their 
auspices new light has been thrown on the problem in — 
Colombia, South America. This work was carried out — 
partly in field laboratories and partly by field expeditions 
into the jungle. At first a systematic collection was made 
of all forms of insects and allied arthropods, whether they 
were blood suckers or not. These were roughly divided 
into groups and then tested to see if any of them con- 
tained the virus of yellow fever. The testing was done 
by grinding up the various insects and after further 
preparation inoculating to white mice and rhesus mon- 
keys. The results of all this work demonstrated that — 
two other species of mosquito contained the virus in 
their bodies. It is therefore probable that these two insects 
are concerned in the spread of the yellow fever virus un- 
der jungle conditions. In spite of repeated attempts to 
isolate the virus from many different kinds of insects, 
no virus was found in any form of insect life other than 
mosquitoes. As a matter of interest, however, I may 
mention here that the yellow fever virus is able to remain 
in an infectious state inside the body of the cockroach 
for a number of days if introduced into the body arti- 
ficially. This has more than an academic interest, be- 
cause if such an infected cockroach were eaten by a 
monkey the latter might become infected. The likelihood, 
however, of the cockroach acquiring the virus in the 
first place is not great. 

Having discovered, then, the probable insect vectors 
of the jungle virus, the next step was to find out what 
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animals living in the jungle were likely to be infected 


- with the virus. This was a formidable task, and the first 


thing to do was to inoculate a large number of animals 
with the yellow fever virus and find out which were 
susceptible to infection. For this purpose more than 
_ two thousand wild animals were captured and inoculated. 

_ The results of this experiment were interesting and instruc- 
_ tive, for it was found that the yellow fever virus did not 
kill any of the animals tested and generally did not 
__ produce any signs of illness. Nevertheless many species, 
_ after inoculation, had virus circulating in the blood 
_ stream while the animals were running about. This is 
very important, because it would allow the mosquito 
to pick up the virus from the animal. These tests showed 
that quite a number of miscellaneous animals were sus- 
ceptible, the chief groups being as follows : 

Primates : man and monkeys. 

Marsupials : opossums of all kinds. | 

Edentates : anteaters, sloths, armadillos. : 

_ Rodents: agouti, paca, capybara, some species of 
mice. 

In the review of the activities of the Rockefeller Founda- 
tion for 1940, the oe tentative conclusions are 
put forward : 

(1) Yellow fever is primarily a disease of jungle 
animals. The classical form of the disease involving 
_ transmission from man to man by the Aédes egypti 
- mosquito is more of a secondary cycle, depending largely 
upon conditions of population ‘concentration and 
- mosquito breeding created by man himself. 

(2) Transmission of jungle yellow fever appears to be 
by jungle mosquitoes from animal to animal. 

(3) There is no animal reservoir of virus in the usual 
sense. Virus continues to circulate in the blood of 
susceptible animals for three or four days only, and does 
not subsequently reappear. Mosquitoes, however, once 
infected, tend to harbour the virus for the remainder 
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of their lives, which may be several months under favour- 
able conditions. Although the hopes of destroying 
the two new species of virus-carrying mosquitoes in the 
jungle are not very great, certain benefits from this new 
knowledge are already apparent. Previously it was 
necessary to wait until human deaths had already 
occurred before it was possible to say that any region 
of forest and jungle land was dangerous. Now it is 
possible to make a kind of census of the infected wild 
animals in any one area and so to arrange protective 
measures accordingly. The chief protective measure 
for individuals against yellow fever is now a form of 
vaccination, and this we shall discuss further in Chapter 
IX. 


** Mad Dog”? 


That terrible virus disease rabies, or hydrophobia as 
it used to be called, is not confined to the tropics, but it 
is much more common in tropical and sub-tropical 
countries where a specially virulent form of the disease 
is sometimes prevalent. It is extremely common in India 
where there is a high annual mortality due to the bites 
of rabid wolves and jackals. 

Unlike. many of the other virus diseases, rabies is 
spread only by the bite of an infected animal, the virus 
being thereby introduced into the nerve fibres torn by 
the bite. Rabies is almost purely a disease of the central 
nervous system, and the main symptoms indicate that 
the brain and spinal cord are involved. . 

Many different kinds of animals are susceptible 
besides man and the dog, and all warm-blooded animals 
can be infected by experimental inoculation.> According 
to Manson’s book on tropical diseases there is some 
reason to believe that skunks, weasels and stoats and 
possibly the mongoose may propagate the disease widely 
among their own kind. In South Africa the meerkats 
act as a reservoir, while in the United States grey squir- 
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tels have been found infected. Various domestic animals 
are liable to become affected : cattle, horses, swine, 
cats, sheep and goats. Birds are not often attacked, but 
frogs are said’to be susceptible. The effect of rabies virus 
on some of these animals is probably not known, but the 
idea of a mad frog is certainly a bizarre conception. 

There are two distinct types of symptoms induced by 
the rabies virus, probably according to the location of 
the virus. These are the mad or furious type and the 
dumb or paralytic type. 

In the excited or furious type of rabies, Manson says : 
‘** The spasms are of such an agonizing character that 
‘they exceed, possibly, all other forms of human suffering 
consequently the sight or smell, or even the sounds of 
liquids, are sufficient to bring on an attack. When an 
effort is made to gulp down a small quantity of liquid, 
it is freely expelled, with an accompanying and anguish- 
ing spasm of the throat and larynx....The voice 
usually becomes hoarse ; the strange sounds emitted 
during expectoration at the onset of the seizure have 
given rise to the popular conception of ‘ barking like 
a dog.’ The convulsive seizures become more and more 
pronounced till a condition of paralysis leads to death.” 

In the paralytic type the more violent symptoms and 
the hydrophobia are absent, but instead there is a creep- 
ing paralysis which gradually invades the whole body, 
finally producing death. The progress of this type of 
the disease is rather slower than that of the furious type, 
taking about seven and a half days instead of three or 
four in the latter. 

Rabies has been absent from England for many years ; 
_ shortly after the first world war, however, it was reintro- 
duced by a dog smuggled into the country in an aero- 
plane. Any person who may in the future wish to evade the 
rigid quarantine laws for dogs imported into this country 
would do well to bear these words in mind: “ The 
spasms are of such an agonizing character that they 


(ip 


86 BEYOND THE MICROSCOPE * 


= = 


exceed, possibly, all other forms of human suffering.” — 


Within the last twenty years there has appeared an 


epidemic of rabies in a new form, and it has-occurred - 


mostly in South America and in Trinidad. The disease 
is in the paralytic and not the violent “ mad dog ” form, 


and it was first observed in South American cattle. 


This epizootic of paralytic rabies among cattle on a large 
scale was difficult to understand because there was no 
evidence that any of the cattle had been bitten by dogs, 
mad or otherwise. This was followed by a number of 


cases of paralytic rabies among human beings, none of — 


whom had been bitten by dogs. So here, as in the case 
of jungle yellow fever, was another example of a new 


form of spread by some new vector. What could it be? © 


An insect vector of rabies would be something almost 


too horrible to contemplate. Investigation showed that 
the new vector of rabies was not an insect, although it — 


possessed wings.. It was, in fact, a bat, a vampire bat f 
which feeds indiscriminately on the blood of man and — 
cattle. Here surely truth is stranger than fiction, and we 


have the potentialities of a story which would~put 
“Dracula”? in the shade! The rabies virus has now 


been traced definitely to thesé bats and has actually 


been isolated from their saliva in a number of cases. 
The bats apparently infect each other by bites given dur- 


ing quarrels in their roosting places, and while a certain - 


number die of the disease, others remain healthy but 
carry the virus for long periods. So far as the direct 


infection of man by bats is concerned, a remedy is to — 
screen the windows and entrances to sleeping quarters, — 


since these bats appear to attack man only when he is 
asleep. It is a different matter, however, to protect cattle, 


and we have here a new and urgent problem to be solved. - 
The life-history and habits of the vampire bat must now _ 


be studied with the same care as those of the louse, the 
mosquito and other vectors of viruses in order to discover 
if possible a weak link in the chain of events, some point 
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where control measures could best be applied. 

I want now to tell you something of two viruses which 
attack plants in tropical countries ; the first of these 
affects the cotton plant in the Sudan and the second is 


_ threatening our cocoa crops in West Africa. 


_ The Cotton Leaf-Crinkle Disease . 

Not so many years ago the cotton growers in the 
Sudan were suddenly faced with a disastrous situation, 
A hitherto unknown disease appeared in the cotton 
crops and began to spread like wildfire. The disease was 
so serious that in the first year of its appearance it 
destroyed practically the whole of that year’s cotton crop 
in the Sudan. In the cotton variety known as Sakel, 
the first signs of this disease are a thickening of the 
smaller leaf veins ; when such a diseased leaf is held up 
to the light the veins appear opaque instead of translu- 
cent as in a normal leaf. Some little time after the 
appearance of these first signs of infection the symptoms 
become intensified. The new leaves which are produced 
are small, exceedingly crinkled and curled at the edges, 
either upward or downward. Sometimes curious cup- 
like out-growths are produced on the thickened veins 
and the plant may be either taller than normal or stunted. 
All parts of the plant are brittle and easily broken. The 
effect of this disease on the cotton crop is disastrous 
_ because of the great reduction in the number of green, 

bolls. 

When an unknown disease of this character appears 
suddenly in an important economic crop, the first thing 
to do, if a virus is suspected, is to ascertain how the virus 
is spread about. Since an insect is usually the culprit, 
- a series of tests was made of all the common insects 
affecting the cotton plant. After a time suspicion was 
directed to a tiny moth-like insect with white wings ; 
this insect is known as a “ white-fly,” and one species. 
of the group is familiar enough to growers of tomatoes 
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in England. In spite of its name and its white wings, 
however, this creature is no fly but is related to the aphis 
and feeds in the same way, by sucking the plant sap. 
Further investigation proved that the white-fly was indeed 
the vector of this new cotton virus. 

Now during the hottest part of the year in the Sudan 
there is a so-called “‘ dead season’ when no cotton is 
grown and the white-fly disappears. The first questions - 
which the investigators of this disease asked, therefore, 
were, what happens to the virus in the “ dead season ”’ 
when cotton is not being grown, and where do the 
white-flies obtain the virus when the new season’s 
cotton is being grown? The answer to these questions 
was given by the discovery that there are always a few 
roots of the cotton crop, so-called “ ratoon”’ cotton, 
which have survived the dead season and produce new 
cotton plants when the land is irrigated in August for 
the sowing of another crop. It was found that such - 
ratoon plants were almost invariably diseased. The first 
step, then, to control the disease was the careful removal 
of all ratoon cotton from August onwards so that there 
should be no reservoir of infection for the new season’s > 
crop. There are, of course, other and more important | 
methods of combating this and similar plant virus diseases 
which I shall deal with in more detail in Chapter IX. 
Let us pass now to a consideration of a still newer virus 
disease which is threatening the cocoa crop in West 
- Africa. 7 


“ 


The Swollen-Shoot Disease of Cocoa 


This serious virus disease of cocoa (cacao) was first 
described from the Gold Coast in 1936, but it is probable 
that it was present there much earlier than that. The 
first sign of the disease takes the form of a mottling or 
fine mosaic pattern on the young leaves. At the same time 
_ there is frequently a shedding of the leaves, followed by 
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a progressive dying of the stems, or “* die-back ”’ as it is 
called. , The most characteristic sign, from which the 
name of the disease is derived, is the development of 
swellings on the shoots. Very often trees in the early 
stages of infection may bear a heavy crop of pods, but 
after defoliation has started only a few malformed pods 
are formed. 

Careful investigation of the diseased tissue failed to: 
_ reveal the presence of any micro-organism which might 
be responsible for the trouble, and the theory was put 
forward that the disease was due to poor environmental 
conditions causing too great a drought. A campaign 
was therefore inaugurated to plant shade trees in the 
vicinity of the cocoa trees in order to reducé the drought. 
In spite of this, however, the disease continued to spread, 
ifrespective of environmental conditions, and the 
suggestion was put forward that swollen shoot was a 
virus disease. Preliminary experiments were made to 
see if the disease could be transmitted to healthy trees 
by grafting or budding part of an infected shoot on to 
them. These experiments were successful and showed 
that infection could be passed over in this way. The 
- next thing was to find out what was carrying the disease 
about, so tests were made of a number of the common 
insects which feed on the cocoa tree to see if they were 
vectors of the virus, if virus it was. This was done by 
allowing the various types of insect to feed upon an infec- 
ted cocoa plant and then caging them separately on 
healthy cacao seedlings. Of the various kinds of insects 
tried, one species, a common sap-sucking insect known 
as a mealy bug seems to be the one responsible 
for spreading the disease, although further research is 
necessary on this point. There for the moment the 
matter rests, but so serious is the threat to the cocoa 
industry that other workers are likely to be called in 
to assist those who Have Bone the pioneer work, here 
briefly described. 
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CHAPTER VI 


STUDYING VIRUSES IN THE LABORATORY 


You may think from the title to this chapter that here 


is a dull scientific description which might as well be 
skipped. I would like to emphasize, however, that this 
chapter, on the contrary, is one of the most important 


in the book, because it contains many interesting and 


romantic discoveries about viruses, most of which have 
been made within the last few years. From these dis- 


a coveries, which I have endeavoured to present here with 
the least possible amount of technical description, 


arises practically all our knowledge of the nature of 
viruses. Some of the recent methods of immunizing 
persons against virus diseases, such as yellow fever, have 


_ also been derived from these laboratory studies. Let us 


begin, then, by discussing how the viruses can be sepa- 


rated from the cis tissues so that they can be properly 


studied. 


(a) Isolating Them 


Up to less than ten years ago viruses were looked upon 
as intangible entities in the existence of which no one 
would have believed had it not been for the undeniable 
reality of the diseases produced by them in every type 
of living organism. But the difficulty was that so many 
of the properties of viruses were entirely negative ; you 
couldn’t see them, you couldn’t grow them in nutritive 
broth in the same way as bacteria, and you couldn’t 
find them by examining the tissues or juices of their . 
hosts. So that a great step forward was made when the 


idea was conceived of treating viruses less like minute 


organisms and ‘more like chemical substances. It was 
soon discovered that one of the plant viruses, that of 
. 91 
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tobacco mosaic, could be manipulated successfully by 
ordinary chemical methods, and that. regardless of its 
nature it was susceptible to chemical attack. 
Although others had attempted it before him, Dr. 
~ W. M. Stanley, in the U.S.A., was the first to make a 
decisive step forward and actually to isolate the virus. 
He achieved this by using methods of “ salting out” 
previously applied in the purification of enzymes. When 
the sap of a mosaic-diseased tobacco plant is extracted, 
either by crushing the plant in a mortar or by putting 
it through an ordinary mincer, it is a thick green fluid 
which rapidly turns brown on exposure to the air. 
The first step is to remove all the thick material so that . 
we can start looking for the virus in a clear sparkling 
fluid. This can be done in various ways ; one is to filter 
the sap through a bed of closely- packed infusorial 
earth, a process which removes all the visible particles. 
Another way is to heat the sap slightly so as to coagulate © 
much of the plant protein, a similar process to what. 
happens to the “white”? of an egg when. heated. You 
must not carry the analogy too far, however, and boil 
the sap or all the virus will be destroyed. The sap can 
be heated to between 50-60° C. (122-140° F.), but not — 
higher. The coagulated or precipitated proteins are 
then removed by spinning the sap at high speed in a 
centrifuge. This process throws down all the coagulated 
material to the bottom of the tube, and the clear fluid 
which still contains most of the virus is decanted. The 
next step is to alter the degree of acidity of the fluid : 
this is done by adding a few drops of weak hydrochloric 
acid until a cloudiness begins to appear in the clear 
fluid.” This is the exact point at which the virus particles 
have no electric charge, neither positive nor negative, 
and so are thrown out of solution. This is known as 
the “‘ isoelectric point.”’> The cloudiness is followed by ~ 
a fairly thick, white precipitate with a most curious and — 
characteristic sheen. This precipitate is the actual virus 
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and represents the first step in the isolation process. 
The preparation is then subjected to further purification 
by repeated precipitation with ammonium sulphate, 
but it is not necessary for us to follow the process in 
detail. The final purified product consists of an unusual 
protein which crystallizes into long thin needles. For the 
first time, then, a pure chemical substance had been 
isolated which appears to be the virus itself. While 
this was a great achievement in itself, the discovery had 
far-reaching repercussions in many quite different fields 
of study. The reason for this is the fact that the virus is 
a most unusual substance. It is a protein with a very 
large molecule and has a very high molecular weight which 
is thought to be about 40 million (i.e. one molecule of 
the virus—40 million molecules of hydrogen). in 
consequence it lends itself to many different kinds 
_ of study in which the bio-chemist and physicist are par- 
ticularly interested. | 
Tobacco mosaic virus in its purified state exhibits 
some very remarkable properties, and from one of them 
it is possible to tell something of the shape of the actual 
virus particle itself. This property is known as “ double 
refraction’ and is possessed by other crystals, notably 
iceland spar. When this virus is made to flow in a con- 
centrated solution what really happens is that the 
molecules are all arranged with their long axes parallel 
to the direction of flow rather like logs in a stream. 
When such flowing virus is viewed by a strong light 
- through crossed nicol prisms or polaroid plates, it forms 
a kind of temporary pseudocrystal and exhibits vivid 
interference colours. If the flow is stopped, the double 
refraction disappears, because the particles are no longer 
arranged all in one way. Now only minute rods or 
leaf-shaped particles behave in this peculiar manner ; 
spheres cannot show double refraction, and so it was 
surmised that the particles of tobacco mosaic virus were 
' rod-shaped, and this surmise was subsequently proved 
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correct by other methods, as we shall see in a later 
section of this chapter. | 

This discovery by Stanley gave a great impetus to 
chemical research on viruses, and it was not long before _ 
other viruses were isolated in a crystalline state, some — 
of which gave rise to very beautiful crystals (see Fig. 5). 

Now at this point you may ask : How do we know 
that the crystals are really the virus and not just carrying — 
the virus contained within them? Well, that was the 
question many people asked at the outset, but there is 
now such a large body of evidence which: suggests that 
virus and crystal are one, as to leave very little doubt 
on the subject. Much of this evidence, however, is highly 
technical, so that I shall not be able to go into the matter 
in much detail. First, this unusual virus protein can 
only be obtained from virus-diseased plants and not 
from healthy ones. Secondly, in the case of the tobacco 
mosaic virus, the protein can be isolated from plants 


unrelated to the tobacco plant, such as the phlox, provi- _ 


_ ded it is infected with the virus, but not otherwise. 
Thirdly, any process which destroys or denatures this 
protein also destroys the virus activity, and it is not 

possible to dissociate one from the other. Lastly, it has — 
been shown by physical and chemical tests that these 
proteins are actually pure protein, and so the presence 
of any other contaminating substance is ruled out unless 
it is a substance which has the same physical and chemical 
properties as the virus itself, It seems unnecessary to _ 
postulate the existence of two such substances when one _ 

will fulfil all the conditions. . 

So much, then, for this brief account of how some 
viruses can be isolated by chemical means. There is 
another method, a purely physical one, by which viruses 
can be isolated. This method is made possible by the 
_ fact that the virus particle is a very large molecule and — 
so can be sedimented in a centrifugal field. In plain 
English this means that if a virus solution is spun at 
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great speed in an ultracentrifuge, the virus collects at ° 


ty the bottom of the tube. The speeds obtained with the 


ultracentrifuge are very high and may be 30,000 revolu- 


_tions per minute or higher. At these speeds, of course, 


the operation has to take place in a vacuum, otherwise 
the friction of the air would heat up the virus till it was 
destroyed. By means of the ultracentrifuge similar 
crystalline preparations of viruses have been prepared, 
and they do not differ in composition from those pre- 


pared by chemical methods. 


As you can imagine, the purification and concentra- 
tion of the viruses which are involved in their crystalli- 
zation increases their infectiousness to a very great 
extent. The amount necessary to give infection varies © 


_* with different viruses, but it may be stated that, so far 


as tobacco mosaic virus is concerned, from. one ten- 


_ millionth to one thousand-millionth of a gram of purified 


virus is sufficient to infect a plant. 


| (b) Measuring Them 


You may think that to try and measure the size of 


_ the actual virus particle is an impossible task, but the 
_ nature of the virus itself allows methods of study which 


could not be applied to most biological material. The 


state of “ suspended animation ” of the viruses outside 


ait 


their hosts enables them to be exposed to various forms 


_ of rough treatment and yet retain their power of multi- 


plication when returned to their respective hosts. We 
can, therefore, apply some of the exact methods of the 


i physicist to the measurement of the virus particle. 


There are at least five or six methods which can be 


__ used for this purpose, but since most of them are highly 
_ technical I will give only the brief outlines of the methods 


and confine myself largely to discussing the results 


- achieved. 


One method of measuring the particle size of viruses 
is by means of the ultracentrifuge, an apparatus I have 
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alluded to already in discussing the purification of 
viruses. By measuring the rate at which the virus particles 
sediment, it is possible by means of a formula to calculate 
the size of individual particles. This has been done with 
several viruses, and the results compare well with those 
achieved by other methods. The production of a pure 
crystalline virus has enabled the X-ray crystallographer 
to apply his methods to the measurement of particle 
sizes, and at least two viruses have been photographed 
with X-rays and measured in this way. In the last section 
of this chapter, in which I discuss how viruses can be 
seen, we come upon more evidence not only of the size 
but also of the shape of viruses. 

Another method of measurement, the principles of 
which are perhaps more easily explained, is that of ultra- 
filtration. Put more simply this means the passage of 
viruses through filter membranes of which the pore 
size is accurately known. The virus in question is filtered 
through a graded series of collodion membranes until 
a membrane is reached in which the pores are just too. 
small for the virus to pass, and so it is retained upon the 
surface of the filter. It is then possible to calculate, 
from the pore size of the retaining membrane, the 
particle size of the virus so retained. Put like this, 
ultrafiltration sounds a simple business; but in reality 
it is a very difficult and exacting technique. 

Such a brief description as I have given you of the 
methods of virus measurement serves only to show you 
that the sizes of virus particles can actually be measured. 
Now what of the results achieved by means of these 
highly technical methods ? First of all we cannot obvious- 
ly measure such things as virus particles in fractions of 
an inch, so I must first introduce you to a new unit 
of measurement and show its relationship to other more 
familiar units. We start then, with the millimetre which, 
as you may or may not know, is :039 of an inch. How- 
ever, a millimetre is still far too big, so we use a unit 
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which is one-thousandth of a millimetre and is known as 

a micron, generally indicated by the Greek letter ». This 
is still too big for most viruses, so we have to reduce it 
by a thousand times and call it a millimicron, indicated 
thus—my. Here, then, is our measuring unit, the milli- 
micron, a thousandth part of a micron or a millionth 
of a millimetre, whichever you prefer. 


HELIX FOOT-AND-MOUTH HORSE 
HAEMOCYANIN HAEMOGLOBIN 


FIG. 7 
SIZES OF VIRUSES, BACTERIOPHAGES AND PROTEINS 
COMPARED 


Vaccinia virus is one of the largest and comes just within the limit of 
resolution of the ordinary microscope. In the ’phage Coli P.C., the 
“thead” is 80 mz in diameter and the “‘tail” 130 mz long. The others 
gradually descend the scale, the smallest being horse hznioglobin 
which is about 6 my in diameter but this is not quite a sphere. Note 
that tobacco mosaic virus is a rod 280 mz long by 15 mu wide. The 
scale represents 0.1 » or one ten-thousandth of a millimetre. A 
millimicron (my) is a millionth of a millimetre. 
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Now the first thing you will find is that the various 
viruses differ greatly in size, although each kind of 


virus is itself very uniform in size. Let us start by apply-. 


ing our new unit of measurement, the millimicron, to. 
some fairly familiar visible particles, A red blood cell, 


for example, measures 7,500 mz and a common bac- 


terium, known as B. prodigiosus, measures 750 mnp. 
Compare these with two of our smallest viruses, those 
of tomato bushy stunt and foot-and-mouth disease, 
which measure 37 and 10 mp respectively. See how 
these last two compare with the size of the hemoglobin 
molecule which is about 6 mp, and you will realize that 


it needs no great stretch of the imagination to think 


of these viruses as molecules. I mentioned earlier in 


this chapter that we had evidence that the virus of — 
tobacco mosaic was rod-shaped, and this has been 


confirmed by the methods I have briefly outlined above. 


The particle is, in fact, a rod about 20 times as long as" 


broad, 300 mu long and 15 mp in width. We must, 
however, bear in mind the possibility that this rod 
may not be the ultimate limit of size for the particle. 
The viruses, then, present a graded series of sizes 
(see Fig. 7). The Rickettsiz are the largest : Psittacosis 
or parrot fever, for example, measures 275 my. Vaccinia 
virus which, as you will see later, protects you from 
smallpox, measures 200 my and herpes virus is 50 mp. 
The virus causing tumours in chickens (see Chapter VID) 


measures 70 mp, while foot-and-mouth and polio-. 


_ Inyelitis viruses are 15 and 12 my respectively. The 
smallest plant virus so far measured is that causing a 
mosaic disease of ltcerne (alfalfa) which is compute? 
to be only 16 my in diameter. 


(c) Growing Them 


You may remember that, in Chapter I, I gave as one 


of the outstanding characteristics of viruses the fact 
that no one had ever succeeded in making them grow 


eos 
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in a nutritive broth or on an agar “slope” after the 
manner of bacteria. What, then, do I mean by the 
heading to this section? The point is this : viruses must 


have a living cell in which to multiply ; the cell is the 


nurse to the virus, not the whole organism. Therefore, 
if we can grow a few cells in a nutritive medium, then 
we can also grow an appropriate virus in these cells. 
We thus make use of the technique of tissue culture, 
whereby a piece of tissue can be made to grow for varying 
periods in a sterile medium, to cultivate viruses. This 
procedure is not quite so easy as it sounds, because 
some viruses are very particular and will multiply only 
in certain kinds of cells belonging to certain kinds of 
animals. The virus of poliomyelitis (infantile paralysis) 


for example, will multiply only in the living nerve cells 


of man and some types of monkeys. ! 
The growth of viruses in tissue cultures, however, is 


a very important technique, because it not only affords 


good opportunity for the study of viruses but has also - 
yielded most important practical results in the control 
of some virus diseases. For example, when the virus 
of yellow fever is cultivated in mouse tissue for long 
periods, it loses much of its virulence for man and can 
thus be used for vaccination. Indeed over a million 
human vaccinations against yellow fever have been 
carried out with this modified. virus. Now there is some 
evidence that, if the yellow fever virus is cultivated for 


long periods in chick embryo tissue from which the 


nervous tissue has been removed, the virus loses its 
affinity for nervous tissue. We see then that cultivating 
viruses in this manner has the effect in some cases of 
modifying the virus by, educating it to attack tissues 


which normally it does not. affect. This brings me to 


another aspect of growing viruses which involves a 


technique having some of the properties of tissue culture 


and some of those of animal inoculation. Not long ago 
the discovery was made that the developing hen’s egg 


“ 
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was a remarkably good medium for growing viruses 
and a surprisingly large number could be cultivated in 
this way. Briefly, the method is as follows: a small 
triangle of shell is cut out from the side of the egg, 
taking care that the membrane is not injured, and at 
the same time a hole is made in the air space at the blunt 
end of the egg. Now a little slit is made in the fibrous 
membrane just beneath the shell and suction is applied 
to the hole in the air space. This draws away the sensi- 
tive membrane from the fibrous membrane. The contents 
of the egg are then shifted slightly, so that an artificial 
air space is formed about the living membrane. Drops 
of the virus fluid, which must be free of all contaminating 
organisms are then placed in position and the virus will 
multiply in the cells of the membrane. Burnett has 
applied this method to the cultivation of influenza virus 
with remarkable results. He used a strain of virus which 
had been kept going in living ferrets and succeeded in 
making it grow on the egg membrane. For a time 
the virus continued to multiply, although no visible 
effect was produced on the membrane or on the chick 
embryo, and the virus still retained its infectivity for 
ferrets. After many transfers, lesions or pocks started 
to develop on the membrane but the embryo itself was 
still unaffected. More serial transfers led to an increase 
in virulence so that now the virus commenced to attack 
the embryo. Finally the adaptation was complete and __ 
the virus would kill the chick embryo in two or three 
days. Now here is the interesting and important point : © 
as the influenza virus increased in virulence for the chick, 
so its virulence towards ferrets, mice and men dwindled. 
This gives us the hope, then, that before long we may 
have some such modified influenza virus which can be 
used for immunization in the same way as the modified 
yellow fever virus. 

Although I have only mentioned the culture of one 
virus on the egg membrane, many others have been 
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grown in this way, including the virus of yellow fever. 
Attempts have also been made to cultivate the virus of 
tobacco mosaic on the developing egg, but so far these 
have proved unsuccessful. : 

Let me tell you now of the cultivation of a virus in 
tissues of quite a different kind from any so far men- 
tioned. Trager conceived the idea of culturing an insect- 
borne virus in the tissues of the insect which transmits 
it. You have learned something about the insect-trans- 
mitted viruses in Chapter II, so I will only mention here 
that the virus used was the one attacking horses known 
as equine encephalomyelitis. It is transmitted by a 
mosquito. Now to carry out work of this kind involves 
great technical difficulties. All tissue-culture work must 
be performed under absolutely aseptic conditions, 
that is in the complete absence of any bacteria or other 
organisms. How could one obtain a mosquito or its 
larva which was free of all contaminating organisms ? 
The problem was solved by such careful attention to 
the upbringing of the mosquitoes as ‘to put any modern 
nursery to shame. First of all the eggs were sterilized 
on the outside and then dropped into a special nutritive _ 
broth which had also been carefully sterilized by heat. 
Under these conditions it was possible to rear bacterio- 
logically sterile larve and adult mosquitoes. You know, 
of course, that the mosquito larve are aquatic, and this © 
fact makes it possible to grow them in a sterile medium. 
It would not be possible to obtain in a bacteriologically 
sterile state’ such insects as aphides or leaf-hoppers, 
- because the young forms of these are not aquatic or 
semi-aquatic. | 

Having obtained the sterile mosquito tissue it was 
found that the virus grew better in some types of tissue 
_ than in others. In the end the best results were obtained 
by growing the virus for 7 days in tissue from the thorax 
of the larva, transferring it for 7 days to tissue from the 
head of the pupa, then back for 7 days to larval thoracic 
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tissue and finally back for another 7 days to pupal 
head tissue. After this period of 28 days in tissue culture 
the virus was found to have increased 100,000 times. 
Although this multiplication is greater than what takes 
place normally in the living mosquito, it is much less 
than that obtained by the developing egg technique. 
Incidentally this experiment also proves that the horse . 
virus does actually multiply in its insect vector, a la 
which I have already discussed in Chapter II. 

Now to end this short account of the tissue-culture 
of viruses, I must mention one experiment on the 
similar cultivation of plant viruses. Small pieces of root 
were taken from a tomato plant which was infected with 
tobacco mosaic virus and sterilized on the outside by 
dipping them in a weak disinfectant. They were then 
washed in sterile water and dropped into a nutritive 
liquid which, of course, was also free of all organisms. 
It was found that the pieces of root grew well, increasing 
_ their length many times over, while the virus in them also 
continued to multiply. This experiment could be 
carried on indefinitely as small pieces of root could be 
broken off the original piece and sub-cultured in another 
bottle or flask of fresh medium. The virus continued 
“to multiply in these detached pieces of root. There was 
no evidence, however, that the virus was in any way 
changed or modified by this treatment as we have seen 
is the case with some animal viruses. | 


(d) Seeing Them 


‘It may strike you at first that this nediding’§ 1s another 
apparent contradiction, since I have carefully explained 
in the introductory chapter that most viruses are beyond 
the range of even the best microscope. The limit of 
size of the particle which you can see with an ordinary 
microscope is governed by the wave-length of visible 
light and this is a fixed law which cannot be altered. 


‘Therefore since the limit of resolution of the microscope 
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eis about 200 mu (you will, I hope, remember that one 


My equals one millionth of a millimetre), an object must — 


be at least 250 my in diameter to be properly visible. 


Now you have learned earlier in this chapter where I 
discussed the measurement of viruses that most of the 
viruses are below 100 my, and some are less than 20 mp 
in diameter. So obviously your microscope isn’t going 
to help you much. But we can get over part of the . 


_, difficulty by using invisible light, in other words ultra- - 
_ violet light which has a very short wave-length and so 


allows much smaller particles to be resolved. However, 
if the ultra-violet rays are invisible, how does that help 
us to obtain an image of a virus?. The answer is by 


means of the camera. What the eye cannot see, the 


photographic plate can, and so it is possible in this way 


- to obtain a photograph of a virus. It has to be done 


tt, 


with a very special microscope fitted with quartz lenses 
and with a camera attachment. By this means Barnard 
has succeeded in photographing several animal viruses, 
including vaccinia virus which measures about 200 my 
in diameter and the virus of fowl plague which is about 
100 ‘my in diameter Photographs of these viruses show 


‘numerous round bodies very similar in appearance to 


minute round bacteria, or cocci as they are called. 


' However, in spite of the very short wave-length of ultra- — 


violet light, the limit of resolution obtainable “by this 
means is only about 100 my, so we are still unable to get 
a photograph of the smaller viruses. There, you may 
think, the matter must rest, and no photograph can ever 
be obtained of the very small viruses like that of foot- 
and-mouth disease and like some of those affecting 
plants. But that is not the way of scientific research ; 


if there is an insurmountable object in the way, then one — 


must go round it. That is what has been done in this 
case. If the wave-length of light, visible or invisible, does 
not allow us to resolve the smaller viruses so that they 
can be photographed, then something else must be 
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substituted for light. So the physicists have produced — 
a microscope known as the Electron Microscope which 
does not use light rays at all but operates with cathode 
rays. Instead of a beam of light it employs a stream of 
electrons, and electromagnets instead of lenses. Now the 
wave-length of visible light is of the order of a tenth 
of a micron (=one ten-thousandth of a millimetre), 
but the wavelength of the electron beam goes down to 
4 thousandth of a millimicron (one thousand millionth 
_ of a millimetre) according to the high tension used, 1.e. 
voltages of between 60,000 and 80,000. So far it has 
been found possible to obtain resolving power of about 
5 mp which will cover all the smallest viruses. | 
A number of viruses have already been photographed 
by means of this new microscope and interesting results 
have been obtained. One of the first viruses to be tried 
was that of tobacco mosaic, and the photographs at 
once confirmed the suggestions, based on other methods, © 
about the size and shape of this virus, They showed 
that it was a long rod about 300 my in length and about 
15 mp broad (see Fig. 6) ; the photographs also confirmed 
a previous belief that these rods were inclined to stick 
together end-to-end to form long chains. Again, further 
evidence was obtained that the virus of tomato bushy 
stunt was a very small sphere, a fact already suspected _ 
from the results of other methods of study. | 
You will see, then, that by means of the electron 
microscope confirmatory evidence is available concerning 
the shapes and sizes of virus particles, a subject which 
I have already briefly discussed earlier in this chapter. 


CHAPTER VII 


VIRUSES AND TUMOURS 


WHAT do we mean by the words “ cancer,” “ malig- 
nant tumour,” or just a“ growth”’? Dr. Purdy has put 
- jt simply and clearly in the following words : “ In the 
very beginning one or two or more cells, always a few - 
but we do not know how many, become possessed of 
an urge to multiplication beyond anything that can be 
controlled by the growth-regulating forces of the body. 
These cells are the first tumour cells. They begin to 
multiply. After a time, we know not how soon but certain- 
ly quite early, no more normal cells become cancerous, 
the whole of the cancerous eleménts of the growing 
tumour being thenceforward formed solely of cells which 
are direct lineal descendants of cells which became 
cancerous at the beginning.” 

These sentences describe adequately enough for our 
purpose what a tumour is, but what is it that causes the 
cells to start this uncontrolled multiplication and to 
break away from their allegiance to the organism as a 
whole, so that part of the body becomes, as it were, a 
traitor to the rest? The answer to that question, upon 
which the fate of thousands turns, is being sought 
in many laboratories all over the world. That it will be 
found one day is certain; may that day come soon. 
Cancer and war, those twin scourges of mankind, are 
analogous in one respect in that both are a form of 
betrayal, in one case by part of the individual organism, 
in the other by part of the community. Man shares 
with the rat the distinction of preying upon his own kind. 

What, you may ask, has all this to do with viruses ? 
I will answer that question with another : Have viruses 
any connexion with tumours? This cannot yet be an- 
swered in its entirety, but we can say quite definitely 
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without fear of contradiction that some tumours are 
associated with viruses. Let me first tell you something 


about these. Just before the first World War an American | 


_ pathologist named Rous discovered a fowl with a 
malignant tumour, now called the Rous sarcoma. 
Experiments with this tumour, showed that it could be 
transmitted from fowl to fowl by injection, but they 
also demonstrated something else. If the tumour was 


taken from the fowl, ground up and the extract filtered 


through a bacteria-proof filter, then the filtrate which 


contained no bacteria was capable, when injected into | 


another fowl, of giving rise to a similar tumour. The 
Rous sarcoma thus behaves precisely like many other 
undoubted virus diseases and is quite rightly included 
in that category. 

Rabbits suffer from a disease in which small wart-like 
outgrowths, known as papilloma, appear on the skin of 
the ears. A small percentage of papillomas become 
malignant and develop into true cancers. This disease 
is also caused by a virus and can be transmitted from 
rabbit to rabbit by inoculation with bacteria-free filtrates. 
Another example of a transmissible tumour has recently 
been discovered in a certain species of frog. 

As a rule, experimental cancers are only transmissible 
by grafts, that is by implanting the growth bodily in 
the new host so that it continues to grow as a whole. 
In the Rous sarcoma and the rabbit papilloma, however, 
true filterable viruses are concerned. 

‘I have mentioned that most experimental cancers, 
induced by tar and so forth, are not transmissible by 
filtered extracts but only by grafting. Nevertheless 
there is some evidence that a virus may be present in 


these also, even though its presence can be detected only. 


by indirect means. That is to say, although these parti- 
cular tumours are not transmissible by inoculation, 
certain serological reactions, which I will not go into now, 
suggest that a virus may be there. 
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I have given you, thén, some examples of tumours 
which are due to viruses, but what about the relationship 
of viruses to cancer as a whole? It must be admitted 
that there is a good deal of evidence against the virus 
theory. First of all, though we have seen examples of 
tumours which are demonstrably due to a filterable 
virus the great majority of tumours are not filterable. — 


Then again, cancer is not contagious, and it is clear 


that it cannot be “caught” in the way that many 
infectious virus diseases are transmitted. As you probably 
know, there are certain chemical and physical agents 
which are called “‘ carcinogens ”’ ; in other words, they 
can determine the appearance of cancer. Certain 
mineral oils and tarry substances for example, produce 
cancer under particular industrial or occupational 
conditions ; mule-spinner’s and sweeps’ cancer are cases 
in point. There are many of these carcinogens, various 
chemicals and hormones, and equally important, tar. 
Now how can we reconcile the theory that viruses may __ 
be the cause of cancer with the known behaviour of © 
these carcinogenic substances which apparently ‘give 


_ rise to cancers on their own? The simplest explanation 
is to suppose that there is already a virus present which 
lies hidden or latent in the cells of the organism. Some 


factor, such as the tar in one case and possibly some other 
unknown factor in other cases, then stimulates the 
virus into action, and this causes the cells to begin their 
headlong and uncontrolled multiplication. 

Let us first consider, then, if there are cases known of 
a virus lying latent within an animal or plant. As you will 
soon see, there is plenty of evidence of the existence of 
such latent viruses, and while they are not concerned 
with tumour-formation, nevertheless their very existence 
shows that there may be other latent viruses not yet 
recognized which are concerned in the production of 
tumours. 

As regards latent viruses in animals the disease of 
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Herpes simplex or “‘ cold sore” in man seems to be a 
case in point. You have already heard that herpes 
develops more or less spontaneously, and the stimuli 
which cause it to develop vary from fevers to emotional 
disturbances. Now herpes is known to be caused by 
a virus, and the most widely accepted explanation is 
the presence in the body of latent herpes virus which can 
be stimulated into action by one or other of the causes 
mentioned above. It is thought that the herpes virus 
enters the body in early childhood and persists through- 
out life in certain susceptible individuals. 

Traub tells of an interesting virus disease in mice 
known as Lymphocytic choriomeningitis. This virus, 
which affects both mice and men, affords an extraordinary 
example of how an equilibrium between host and virus 
can be set up. Traub found that virus persisted in the 
blood of mice after recovery from infection and that 
female mice thus carrying virus could infect their young 
in utero, that is before birth. When infected like this, 
the young mice showed symptoms of disease, but other 
young mice infected after birth by contact showed no 
definite symptoms. It was found possible to provoke 
symptoms of the disease, however, by injection with 
sterile broth, a proceeding which seemed to upset the 
host-virus balance. After about two years of continued 
breeding of these mice the situation seemed to change. 
The disease became milder till it produced no symptoms 
at all. Moreover, infection of young mice in utero 
became the invariable rule apparently because all stock 
mice, young and old, were now virus carriers. The pre- 
sence of virus in them could only be demonstrated by 
. inoculation to another strain of mice which carried no 
virus and were not immune. 

The use of mice in such large quantities as experimental 
animals has revealed the existence of other hidden 
viruses which come to light and produce symptoms 

only after a long series of passages through apparently 
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normal mice. The reason for the virus becoming appa- 
rent after such serial passages is not clear, unless it be 
that such a treatment being favourable to the virus 
enables it to build up into so concentrated a form that 
a disease results. - 

There is an interesting disease of fowls known as fowl 
paralysis which is almost certainly due to a virus. The 
paralysis is due to the formation in the nerves of tumour- 
like growths. Some evidence has been obtained which 
suggests that fowl paralysis is a stage in a disease which 
may be largely symptomless. It is thought also that the 
agent may be transmitted through the egg and even 
‘passed on through the male parent. In addition, there 
is evidence that environmental conditions may deter- 
mine whether the latent infection will develop into the 
full disease. Blakemore describes how chicks from an 
infected stock were divided into two lots, and how those 
reared at one farm developed symptoms and those kept 
at another did not. 

Latent viruses occur also in plants, especially in pota- 
toes, strawberries and hops. In the U.S.A. potato plants 
are so universally affected with a particular virus which 
produces no symptoms that it has been named the - 
“latent or healthy potato virus.”’ Changes in environ-. 
mental conditions can also upset the host-virus equili- 
brium in plants, and symptoms of disease are frequently 
masked by both high and low temperatures. 

We have, then, plenty of evidence that viruses can 
and do lie latent in both animals and plants, and there 
is also definite evidence that there exists some connexion 
between tar and viruses. For example, there is a virus 
disease of rabbits known as Shope’s infectious fibroma. 
Now this virus disease produces tumour-like outgrowths 
which last for a few weeks and then disappear. If, how- 
ever, tar is injected beneath the skin of the rabbit, the 
regression of the tumours is delayed and they frequently 
develop into invading growths which cause the death 
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_ of the rabbit. Tar does not have this effect upon other 
viruses which do not cause proliferation of cells. Even 
more striking is the effect of tar upon the papilloma virus 
affecting rabbits, which I have already mentioned. 
In this disease small warts appear on the rabbit’s ears, 
and these warts may occasionally develop into malig- 
nant growths, but only after many months. Now in 
the experiments with papilloma one ear of the rabbit 
was tarred and the other left untreated. The untreated 
ear of the rabbit was then injected with the papilloma 
virus. After a short time it was found that the virus was 
producing proliferating growths on the tarred ear which 
became malignant almost from the beginning. This did | 
not happen or, at all events, not nearlyso soon onthe 
ears of rabbits which were not tarred. 

A case which, if confirmed, is still more interesting, 
concerns the results of injecting tar into the muscles 
of perfectly normal fowls. Not only did a tumour 
appear to result in a number of cases, but it was possible 


_ to pass on such a tumour to other fowls by injecting 


them with a filtrate of the first tumour. In other words, 
_ an apparent virus had risen or come to light. - 
~ Now we do not really know what is the exact relation- 
ship between tar and virus ; we can only suppose that — 
the tar acts in some way to upset an equilibrium between 
the cell and a virus which it contains. In the case of the 
rabbit, of course, we knew that a virus was present, but 
in the case of the fowl we must assume the presence of - 
a latent virus which was stimulated into action by the 
effect of the tar on the cells. In Chapter IV, in the case 
of swine influenza, we have already seen an example of 
how an external stimulus was necessary to cause a 
latent virus to flare up and produce symptoms. You may 
remember that it was necessary for an injection of — 
bacteria, dead or alive, to be made into the pig before 
disease symptoms developed. 

I -have mentioned latent viruses in plants, but there is \ 
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no exact parallel in them to the Rous sarcoma. One 

virus, however, which affects sugar-cane does give rise 
to elongated swellings or galls. These galls extend along 
the larger veins or vascular bundles of the leaves and 
are, in fact, formed by the abnormal growth of the tissues 
comprising these bundles. If a diseased cane is split 
open, more of these galls can be seen in the vascular 
bundles of the stem. Abnormal growths of another 
kind occur in two or three other plant virus diseases. 
Certain viruses which affect the tobacco plant give rise 
to peculiar outgrowths on the under-surfaces of the — 
leaves. These outgrowths vary from mere thickenings 
of the veins to quite large leafy proliferations. Such 


’ outgrowths might perhaps be likened to the swellings 


produced by certain viruses on the skin and ears of 
rabbits (see Fig. 4). | 
Before I finish this brief chapter on viruses and tumours 
I quote some comments on the important work carried 
out by Bittner on breast cancer of mice. Some strains | 
of mice used in cancer research have an incidence of 
breast cancer in breeding females of 80 to 90 per cent., — 


while in others the incidence is almost nil. In hybrids - 


between two such strains it has been found that the 
incidence of breast cancer in the offspring depends not 


upon the ordinary rules of inheritance but wholly upon 


whether the mother came from a high or low cancer 
family ; only the mice born from high cancer mothers 
developed breast cancer in their later life. Bittner found 
that mice from the low cancer strain would develop. a 
high proportion of cancer if they were suckled from birth 
by high cancer-strain mothers. Conversely, mice from 
high cancer mothers would have quite a low tumour 
incidence if they were fostered by mothers of the low 
cancer strain. It appeared as if something affecting the 
occurrence of cancer in later life was transferred to the 
young in the mother’s milk. But still odder findings were 
to come: if young mice of the low cancer stock were 
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suckled by high cancer mothers and consequently 
developed cancer later despite their hitherto unstained 
family escutcheon, then, on inbreeding them, their 
children and grandchildren were also very liable to 
breast cancer : the blot on the escutcheon was passed on. 
On the other hand, young of the high cancer stock 
which escaped the disease through being fostered by 
low cancer mothers were able to pass on their freedom 
from cancer to their descendants. | 

As Andrewes points out, these facts are compatible 
with the idea of a virus transmissible in the mother’s 
milk. Such a virus might for a time, at any rate, remain: 
quite latent. Ultimately some stimulus, or stimuli, 
acting over a long period, might cause the virus to assume 
an active part and so give rise to the breast carcinoma. 

However, even if our theory of the latent virus 1 
correct, it does not follow that the virus is the only thing 
concerned in the cause of cancer. There are probably 
several conditions which must be fulfilled. First, of | 
course, there must be the latent virus lying in wait, — 
so to speak; then there must presumably be certain — 
_ hereditary characters or tendencies. Lastly, there are 
other factors necessary, which tip up the balance in 
favour of the tumour. These may be some external 
stimulus like a carcinogen, or a hormone as in breast 
cancer. 

I should perhaps emphasize at this point, what you 
have probably already guessed, that the whole question 
is much disputed. I have merely endeavoured to lay 
before you the general outline of the theory of viruses 
as a cause of cancer and to assemble the evidence which 
supports it. 


CHAPTER VIII 
VIRUSES IN TIME OF WAR AND AFTER 


*“* Plague and pestilence will follow in the bloody ruts of Hitler’s 
tanks.”—Winston CHURCHILL. 


FROM time immemorial epidemics have been part ; 


and parcel of the hideous insanity of war. Let us look 


back a little in history and we shall see how often it has 


been pestilence rather than the generals which has decided 


the issue of the campaigns.* 
Although the diseases which always accompanied 


earlier wars were not necessarily all virus diseases, yet 


typhus was invariably present and sometimes smallpox 
together with such non-virus diseases as plague, cholera, 
enteric fever, pneumonia and dysentery. 

In Rome in 88 B.C., 17,000 men in the army of 


ia Octavius were killed by an epidemic. In the “ Ele- 


writings of Dr. Zinsser. 


y phant War” the Abyssinian army of 60,000 men was 


completely disorganized by a disease which Zinsser 
suggests might have been a severe form of smallpox. 
In the Crusades, also, disease was far more potent than 


_ the Saracens. In 1098, when a Christian army was 
__ besieging Antioch, so many were killed by disease that 


they could not be buried, while the cavalry were rendered _ 
useless by the death of 5,000 of their 7,000 horses. After 
the siege of Jerusalem in 1099 only 60,000 men of the 
original 300,000 were left. The Thirty Years’ War was — 
dominated in all its phases by epidemics, particularly 
typhus, and there was one occasion in 1632 when the 
Opposing armies were both defeated by typhus single- 
handed and could not join battle. And so it goes on 
through the centuries until we come to Napoleon’s 

*I am indebted for much of this information to the interesting 
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time. When Napoleon entered Poland there had been © 
comparatively little sickness in his army, but after that 
the soldiers began to get infected by being forced to © 
bivouac in insect-infested places. Thus typhus got a hold 
on his armies, and before he entered Moscow in Septem- 
ber there were over 80,000 sick. From then on typhus, . 
dysentery and pneumonia were Napoleon’sc hief oppo- 
nents, for between them they reduced his army to only 
20,000 men, and of the Third Army Corps commanded — 
by Marshal Ney only 20 men remained. As Zinsser — 
says, it is hardly debatable that the power of Napoleon 
in Europe was broken by disease more effectively than | 
by military opposition or even by Trafalgar. | 
‘In the South African war typhoid fever was the pre- 
dominant disease and more British soldiers were killed 
by that than by the Boers. In the first World War we 
find that the advance of knowledge, which has so far 
outstripped the advance of wisdom, enormously reduced 


the incidence of disease in the opposing armies, although | 


again typhus held its sway in Serbia almost undisputed. — 


And so we come to the present time and the second ~ 


World War and, already at the time of writing, hints © 
that typhus is once more at work among the armies — 


invading Russia, this time German and not French, ~ 


are appearing in the press of several countries. 
Typhus is essentially a disease of cold countries, and | 


it becomes epidemic when certain conditions are ful- — 


‘filled. Briefly, these conditions are as follows : first, — 
overcrowding with the consequent influx of susceptible 
people into ‘areas where the disease is always present 
(endemic). Secondly, the crowding together of badly 
nourished people under conditions difficult for adequate — 
cleanliness and proper change of clothing. Overcrowding — 
alone is not sufficient to cause a typhus epidemic ; only 
when it increases the number of lice and facilitates their, 
transmission from person to person is it important 
from the point of view of typhus. Lice, a focus of typhus 
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infection and a badly disorganized population are there- 


- fore the main essentials for a typhus epidemic. Now 


it is quite plain that war fulfils all these conditions for 
starting typhus epidemics. It means the movement of 
large bodies of troops, consisting mostly of non-immune 
persons, into areas where the disease may be always 
present, but in a quiescent form, owing to the fact that 


the resident population has acquired a partial immunity. 


It means that large sections of the populace are driven 
from their homes and forced to live under insanitary 
conditions. ‘Exposure, cold and lack of food help to 
produce the right soil in which the disease can flourish, 
and in such epidemics the death rate may reach 70 per 


cent. Anyone who served in the last war will recollect 


how easy it was to become “ lousy ”’ under active service 
conditions and how the difficulty of obtaining changes 
of underclothing facilitated the rapid multiplication and 
dissemination of the lice. It was not until about the 
third year of the war that efficient apparatus for delousing 
the troops was set up at various points behind the front 
line, but once these sterilizers got going the slaughter 
of lice must have been the greatest in history. 

You may wonder what are the risks of starting a 
typhus epidemic in this country in time of war. It is, of 
course, quite possible for a person arriving from one of 
the war fronts to develop typhus soon after his arrival, 


_ but his would remain an isolated case provided that the 
- surrounding community were free from lice. It is, indeed, 


disturbing to find that there are many cities and indus- 
trial areas in this country at the present time where the 
rate of infestation with head lice among girls and young 


‘women is not far short of 50 per cent. In this con- 


nexion I can appropriately quote an extract from a 
report on the incidence of the head louse, made by Mr. 


Kenneth Mellanby to the Ministry of Health : “ Modern 
‘styles of hairdressing are, unfortunately, likely to favour 


an increase in the number of head-lice. I have heard of 
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frequent cases of young women with long, permanently 
waved hair, which is apparently never disturbed for weeks 
and which forms an ideal breeding ground for the para- 
sites."” To this Mr. Mellanby adds : ‘‘ The hairdressing 
profession will do much to reduce the incidence of the 
head-louse if it can persuade women to avoid elaborate 
‘ sets,’ which, because of the difficulty in replacing, are 
often left uncombed and unwashed for very long periods. 
Furthermore, the shorter the hair the less liable it will _ 
be to louse infestation.” And so we appear to have come — 

back to the fashions of the Middle Ages when women 
erected an elaborate coiffure on their heads of a more 
or less permanent nature in which generations of head- 
lice lived in comfortable security. Perhaps we shall yet 
see the reintroduction of the bejewelled claw mounted 
in an ivory handle for use as a head or back “ ‘Scratcher,”’ 

So long as the louse continues to exist amongst a - 
population there will always be the possibility of typhus, 
but in a clean community with adequate facilities for — 
washing of the person, and, at frequent intervals, wash- 
ing of underclothes, the body louse cannot exist. I 
might mention here that there are now efficient ointments 
for the elimination of the head-louse. 

During the first World War a new virus disease made 
its appearance among the troops serving on the westetn 
front. This disease, which may be likened to a kind of 
mild cousin of typhus fever, was known as “ trench 
fever,” and although not a very serious affliction 
caused considerable wastage among the troops. For © 
some time it was not known how the infection was 
spread, but it was finally proved that once again the 
louse was responsible for the transmission of the disease. 

The exact mechanism of infection by the louse was 
never discovered, and after the close of the first World 
War the disease completely disappeared, and so it has 
not been possible to apply modern methods to its study. 
No doubt, however, the way things are going at present, 
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fresh opportunity for enlightenment on this point will 
be afforded. For the moment, therefore, we can only 
speculate on the possible modes of transfer of this virus 
from louse to man. It may be that the insect actually 
infects man by inoculating the virus directly into his 
blood during the process of feeding, or alternatively 
by a combined process of stabbing with the mouth-parts 
and regurgitating virus from the alimentary canal. The 
view most generally favoured, however, seems to be that 
infection takes place by a more indirect method in which 
the victim himself plays a part. It is no uncommon thing 
for soldiers to crush lice on the underclothing. If this 

is done to virus-carrying lice, the clothing becomes — 
contaminated with the body-juices and the contents of 
the alimentary canal. From clothing thus contaminated 
it is possible that the virus may be introduced mechani- 
cally into abrasions on the skin made by scratching. 
However, whether the louse plays a direct or indirect 


Be part in the transmission of trench fever, the part it 


- plays is essential and the virus cannot be spread in 
- its absence. The elimination of the louse, therefore, 
-is the first step in combating this disease, and, as already 
mentioned, a great deal was done in this direction in 
the last war by the introduction, behind the lines, of 
apparatus for sterilizing the soldiers’ underclothes by 
steam. | 
So much, then, for the epidemic virus diseases depen- 
dent upon insects for their spread. Let us now consider 
another virus epidemic which, during and after the 
last war, was responsible for one of the worst plagues — 
in history. In England, during this period, influenza 
caused 150,000 deaths, while in London alone over 
18,000 persons died from the.disease. As Burnett points 
out, this great pandemic raised several important 
- questions. Why was it so much more widespread and 
- fatal than previous epidemics ? Why did three successive | 
waves occur? Why did the first of these waves fail to 


’ 


118 BEYOND THE MICROSCOPE 


render those attacked immune to the second and third 
waves? At that time the cause of epidemic influenza 
was not known, and bacteriologists were still actively 
seeking for a causal bacterium. It was only in 1933 that 
influenza was proved to be due to a virus, so that pre- 
vious to that date no attempt could be made to answer 
these questions. Since 1933, however, the technique of 
research into viruses has been greatly improved. Experi- 


mental animals susceptible to influenza in the shape of — 


the ferret and the mouse have been found, and the virus 
has been successfully cultivated in the developing 
chick-embryo. 

In addition to what may be considered the main causes 
of the great influenza pandemic of 1918-19, which I 
shall discuss in a minute, there can be no doubt that the 
war had tilled the soil and in every way prepared for 
this great harvest of death. Malnutrition and anxiety 


had lowered resistance to disease, and men from every _ 
quarter of the globe had crowded into Europe, so that. — 


conditions were ripe for an epidemic. These facts alone, 


however, are not sufficient to answer our questions, © 


and Burnett suggests that we must look to the variability 
of viruses for enlightenment. I have mentioned previous- 
ly in this book the marked tendency of viruses to mutate, 


and this is particularly true of influenza virus. Under 


war conditions every opportunity is afforded to a new 
strain of influenza virus to make itself felt. Thesuggestion 


is, then, that a fresh strain of influenza virus suddenly 


appeared, and one which, was antigenically distinct 
from the previous strains. This means that a person 


who was immune from attack by the previous strains - 
might be quite susceptible to the new strain. Burnett | 


thinks that this new mutant of the influenza virus found 
the whole human race susceptible. In fact, it was to all 
intents and purposes a new disease. You can see, 
therefore, in view of the enormous numbers of people 


affected and the amount of virus multiplication which _ 
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went on, what increased likelihood there would be of 


still more mutations. Some workers, therefore, have 
wondered whether each of the three successive waves of 
influenza was due to an antigenically distinct strain, 


~ none of which conferred immunity against each other. 


So that a person could, and often did, fall a victim to 


all three. It is this liability of the influenza virus to 


mutate that makes it so difficult to obtain a vaccine or 


antiserum against it. The chief hope is that there may 
~ exist a ‘“‘ master strain’? which might possibly have 
_ immunizing power against all the other strains 


It may be of interest at this point to recall the sudden 


- advent in 1485 of a terrifying and fatal malady known as 


the “ English Sweating Sickness.” This disease came in 


sudden waves, and there were altogether five epidemics 


between its advent in 1485 and its complete disappearance 
in 1552. In the suddenness of its appearance and its 


_ great rapidity of spread, the disease somewhat resembled 


influenza, but the symptoms as described in con- 
temporary writings lacked the catarrh and secondary 


pneumonia so characteristic of influenza epidemics. 


According to the pamphlet, published in 1552 by John 


Kaye, entitled The Sweate, and quoted by Zinsser, the 


disease began without warning, usually at night or 
towards morning, with a chill and with tremors. Soon 


~ there was fever and profound weakness. Accompanying 


these were cardiac pain and palpitation and, in some 
cases, severe headaches and stupor. The profuse sweat- 


Bee ing, which was the most noticeable characteristic, 


began soon after the fever. Death came with astonishing 
speed, sometimes within the day or even in a few hours. 

This disease cannot be identified with any of the 
present-day epidemic maladies, and Zinsser is inclined 
to regard it as due to a filterable virus which is at present 
unknown. He suggests that the sweat might have been 
caused by a virus present for a long time on the Con- 
tinent in a mild form and, being introduced into England, 
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found an entirely susceptible community in which it 
spread, much in the same way as did the influenza 
epidemic of 1918-19. 


CHAPTER IX 


COMBATING THE VIRUSES 


So far in this little book I have told you various interest- 
ing facts about the viruses and the effects they have on 


_ their respective victims, but I have not yet said anything 
- about what can be done to destroy the viruses or to 


restrict their activities.- These “‘ control measures ” are 
very varied, and we can arrange them in categories 
according to their nature. There are first the more 


general measures which are directed against the spread 
‘of the virus. These vary, of course, according to the 


manner in which the virus is spread. Secondly,’ there is 
the experimental production in the individual of an 
“immunity” to a specific virus ; vaccination against 


smallpox is, of course, the classical example of this. 


Lastly, in the case of plant viruses, we have the possibility 
of producing new varieties of plants which are specially 
bred to be resistant to a particular virus. 


Preventing the Spread of Viruses | 
Let us begin, then, by discussing some of the possible — 


ways of preventing the spread of viruses, and suppose 


we take for our first examples the viruses of influenza 
and the common cold. As everybody is well aware, 


‘these diseases are spread from person to person in 
droplets in the breath, expelled in talking, coughing and 


sneezing, but especially the latter. Obviously one of the 
most important steps in the control of these two diseases 
is to try to awaken in the mind of the average person a 
sense of responsibility and of duty towards his neigh- 
bour. It should be considered just as much a misde- 
meanour to sneeze or cough unrestrainedly in the 
company of other people as it would be now to strike 
121 


| Nanay is 
i 


122 - BEYOND THE MICROSCOPE 


your neighbour in the train or bus on the head with 2 


stick. It is just as much an assault and probably has — 


more lasting ill-effects. As things are it is considered no 


shame, indeed, it is a matter for congratulation for a _ 


person suffering from influenza or a bad cold “ to carry 
on,” taking no heed of the trail of discomfort and ill- 


health which he or she leaves behind. However, until E 


a more responsible attitude towards these diseases is 
reached we must consider what other measures to prevent 
the spread of air-borne infections are possible. 

Both influenza and the common cold are essentially 
“* crowd-diseases,” and the person who travels daily by 
bus and train and is a frequenter of cinemas and cafés is 
more likely to suffer from these ailments than a person 
who spends more time out-of-doors and is not a frequent 


traveller. The reason for this, of course, is simply that 


there is less contact in the latter case with persons likely 
to be infected. 

It is obvious that in wartime all the conditions neces- 
sary for an increased spread of infection are present. 
Trains and buses are more crowded, black-out regula- 


tions restrict proper ventilation, and, above all, the risks 


are increased by the widespread use of overcrowded 
and ill-ventilated air-raid shelters. 

Because of these increased risks an investigation ins 
the control of air-borne infection was instituted by a 
team of workers at the National Institute for Medical 
Research, and some of their interesting conclusions are 
freely quoted here. 

Infection through the air may be conveyed in one of 
three ways : 

(1) Relatively large droplets may be sprayed from the 
mouth and nose to a distance of perhaps 15 feet and 


‘then reach the ground fairly quickly. 


(2) Similarly expelled but smaller droplets may become 
so small by evaporation before they reach the ground 
that, as “‘ droplet nuclei,” they continue to float in the 
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air for many hours or even days. This is probably one 
of the most important methods of spread. 

(3) The disease agents in the large -droplets may 
become attached to particles of dust and may thus get 
swept up and re-suspended in the air. This is already 
_ known to occur with certain bacteria such as those of 
- tuberculosis and diphtheria. 

The methods used to test the counter-measures 


seen examples of instantaneous photography illustrating 
a rifle bullet at the moment of impact on a sheet of glass 
or a series of pictures of a bubble bursting. Improvements 
in this kind of flash photography have enabled workers 
_ in America and this country to investigate the size and ~ 
movement of particles projected by a person when he 
sneezes. It has been found that while most of the drop- 
lets come from the mouth, some also come from the 
nose, and the size of the droplets varies according to 
circumstances, whether the teeth or lips are closed and 
so forth. By means of this kind of photography it was 
_ possible to observe that practically no droplets escaped 
into the surrounding atmosphere if the sneeze was well 
covered with a large handkerchief. The open hand, 
however, was shown to stop only a fraction of the 
_ particles and to deflect the rest upwards.’ The conclusion 
to be drawn from these fesults is fairly obvious. Again, 
mixtures of viruses and bacteria were suspendéd in the 
air in fine sprays, and tests were then made of their 
_ power to persist. During one such experiment a ferret 
_ which was infected with influenza virus became acci- 
dentally infected with a virulent bacterium known as a 
“hemolytic streptococcus.” This afforded a remarkable 
-__‘ opportunity for studying the effects of control measures 
P, on organisms actually scattered from the respiratory 
f tract of an infected animal. 
A I have said that certain bacteria are able to persist 
- in an infectious state on particles of dust, but what about 


revealed some interesting facts. Many of you may have _ 
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the virus of influenza? Can that persist in a similar 
manner? An experiment was performed in which a 
blanket was impregnated with influenza virus and then 
allowed to dry under ordinary atmospheric conditions. 
Woollen blankets, by the way, are notorious in hospitals 
for distributing dust in the form of fine particles of fabric 
to which may adhere bacteria and other disease agents. 
The blanket was then shaken vigorously in a closed tank 
and the air sucked out. This air was then shaken up with 
a little broth and the broth was inoculated to mice. 
The mice developed the typical influenza lesions, thus 
showing that the virus is capable of existing for a time 


in a dried condition. Further experiments showed that | 


there was little depreciation of the virus for the first 
three days, 10 per cent. persisted for a week and 1 per 
cent. for a fortnight. The virus disappeared more 
rapidly, however, when exposed to the light. There is 
also on record a case where influenza virus was apparent- 
ly isolated from dust in the vicinity of an infected ferret. 

What, then, are the practical recommendations against 
the spreading of influenza and the other respiratory 
diseases which can be made as the result of these experi- 
ments? Here are the suggestions. made by the workers 
at the National Institute for Medical Research. Adequate 
spacing and ventilation are the most important counter- 
- measures whatever the route of infection. In shelters 
where these may not be possible, spread by large droplet 
infection can be controlled by screens placed between 
the heads of sleepers. Masks made of transparent 
cellulose acetate are recommended for use by infected 
persons and for all occupants of public places during 
influenza epidemics. Ultra-violet light is effective 
against disease agents in droplets, but less so against 
infective dust particles. The cost of such installations, 


however, is too great for the general use of ultra-violet- 


light in air-raid shelters. Some success has been obtained 
by spraying into the air a very fine mist of some dis- 
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infectant, and sodium hypochlorite has been found 
satisfactory because it is cheap, harmless in low con- 
centrations, and a powerful deodorant. 

As regards dust on floors, this can be prevented fora 
rising by treating the surface once a month with what is 


called “ spindle oil,” a crude liquid paraffin. Blankets 


can be prevented from dispersing their dust by soaking 


them in a 30 per cent. solution of liquid paraffin in white 
_ Spirit,and this will not make them feel oily. 


So much, then, for the methods preventing the spread 
of air-borne virus diseases like influenza and the common 
cold, but what about yellow fever and typhus which are > 


. _ insect-borne? Obviously the first step is to attack the 
insect, because this is the vital link in the chain of infec- 
tion. I have already told you something of how the 


first attempt to build the Panama Canal ended in disaster, 


and that only after systematic efforts to destroy the virus- 


carrying mosquito had been carried out was it possible 
to complete the work. But in order to devise methods 
of control against an insect. it is first necessary to know 
something of its habits, and, in the case of the mosquito, 
the breeding places must be found and the larve destroyed. 
As we have already seen, yellow fever is not the only 
virus which is spread by the mosquito ; it also transmits 
that very serious virus disease of horses in the U.S.A. 
known as ‘‘ equine encephalomyelitis.”” Now here it is 
obviously impossible to kill off all the mosquitoes over 
the vast areas where the disease is prevalent, but it is 
possible to dodge the mosquito to a certant extent. It 
is known that there are periods of the day when the 
insects are not about, and so the horses are let out to 
graze during these periods and are stabled at night in 
mosquito-proof buildings. 

Typhus and trench fever are entirely dependent upon 
the louse for their transmission, so it is clear that these 


_ diseases cannot exist under normal conditions of ordinary 
cleanliness. Under conditions of war, however, the 
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. louse gets its opportunity, and these two diseases may 
become rampant. During the first world war a serious 
attempt was made to de-louse the soldiers on the western 
front by systematic treatment of clothes and bedding. 
After the war, also, there were one or two epidemics of 
typhus in Czechoslovakia which were traced to gipsy 
encampments. These epidemics were stamped out by 
thorough disinfection of the gipsies’ belongings and by 


burning down their dwellings. For destroying the head — i 
louse there are now several remedies available, of which. 


one, known as derris cream, may be mentioned. 


If we want to control a virus disease of plants one of ._ 


the first essentials is to find out how the virus gets about. 
If the virus is insect-borne, as it very probably is, then 
we must first find out what insect is responsible, and 
then concentrate so far as possible on destroying it or 


on preventing it from having access to the crop in ques- — 
tion. This can be attempted in several ways, either. 
by a direct attack on the insect by means of a chemical. 


poison, or more indirectly by means of what are called 


“ trap-crops”. Briefly the latter consist in growing a . 
small portion of the crop a few weeks ahead of the i 
main crop and allowing it to become infested with the 


insect vector. Both plants and insects are then destroyed 
by the liberal application of some drastic chemical. 
It must be admitted, however, that, on the whole, 
attempts to control a virus disease of plants by the 
destruction of the insect vector have not been very 
successful. This is chiefly because of the difficulty of 
killing enough of the insects over a wide area to reduce 
the spread of the disease. It is a different matter, however, 
if the insects are in a confined space, such as a glasshouse, 
and much can be done, for example, by fumigation to 
control the thrips which spreads the virus of tomato 
spotted wilt. I am speaking here, of course, of English 
conditions where most of the tomato growing is done 
under glass, and not of countries where tomatoes are 
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an. outdoor crop. Under these conditions the control 
of the thrips is a much more difficult problem. 

In discussing the prevention of spread of viruses | 
have mentioned so far some methods of warding off or 
avoiding the virus itself and of destroying the insect 
vector. There are, of course, many other methods, 
some of which involve drastic measures directed against 
. the victim or “ host.” of the virus. Let us consider the 
case of foot-and-mouth disease, probably the most 
infectious virus known. Here we are lamentably ignorant 
of the way this virus gets about, but, like the bed- -bug 
_ which has no wings, it gets there just the same. It is 
known, of course, that the virus can be carried on straw, 
on farming utensils, on the worker’s boots, in the 
animals’ excretions, and so forth. What is not known, 
however, is how the virus seems to travel long distances 
and appear suddenly in isolated places. How can the 
spread of such a virus be dealt with? The answer is, 
only by the ruthless destruction of all infected material 
including the animal itself and all ‘‘ contacts,” i.e. other 
animals which have been in close proximity to the 
infection. In addition, a rigid ‘standstill’ order is 
imposed upon the other farm animals in the neighbour- 
hood. This means that they must be kept in their own 
farms and pastures and not taken to market or shows or 
upon the public roads . This “ slaughter policy’ may 
seem at first sight an expensive method of controlling 
a disease, but it has shown itself to be justified, and in 
' the last great outbreak, just before the present war, 


Great Britain alone escaped an enormous increase in 


infection. 

It may sometimes be necessary in the case of other 
virus diseases to adopt a similar ‘‘ slaughter policy.”’ 
For example, it is better to destroy a whole brood of 
silkworms if affected with ‘‘ polyhedral disease”’ and 
Start afresh, and the same procedure is Radia 
necessary with virus-diseased crops. 


\ 
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There are other miscellaneous methods of preventing © 
the spread of viruses. Human beings suffering from an 
infectious virus disease are, or should be, isolated so 
far as possible from other people. A strict quarantine 
is enforced upon all dogs arriving in this country, and 
this is done to prevent the introduction of rabies. There 
is one important fact which must be borne in mind when 
efforts are being made to eradicate a virus disease, and 
this is the possibility of there being some hidden source 
or reservoir of infection. This is especially important 
when dealing with plant viruses, because these. are 
frequently able to infect weeds and hedgerow plants 
which thus become unnoticed virus reservoirs. More- 
over, some plants are able to act as “carriers ”’ ; this 
means that the plant becomes infected with the virus 
but shows no symptoms of disease. Let me tell you a 
true story which illustrates these points. A firm of 
horticulturists was troubled by the loss of their tomato 
crop with the virus disease known as “ spotted wilt.” 
A fresh lot of tomato plants was brought in, but these 
suffered the same fate. The following year the glasshouse 
was thoroughly cleaned, the soil sterilized and the tomato 
plants raised from fresh seed on the premises. Again 
the crop was infected with spotted wilt. An investigation 
was accordingly made and the glasshouse inspected. ’ 
‘’ Has the house been thoroughly cleaned out?” “ Yes, 
it has been cleaned and every other plant removed.” 
" Really, every other plant?” ‘‘ Yes, except for that old 
chrysanthemum in the corner, and that is cut down 
every year.”” Here, then, was the explanation ; the chrys- 
anthemum was found to be infected with the spotted 
wilt virus without showing any very obvious symptoms, 
and thrips migrating from the chrysanthemums to the 
tomatoes carried the virus with them. The fact that the 
chrysanthemum was cut down made no difference, 
because the virus would be present in the under- 
ground portions of the plant and would simply 
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come. up again into the new shoots each year. 


We have already seen that there probably exists a 
reservoir of yellow fever virus in certain jungle animals, 
and just recently has come news of the discovery of the 


- virus of equine encephalomyelitis in the bird known as 


a “* prairie chicken.” 
So far in this chapter I have briefly discussed some of 


the methods of preventing viruses from reaching their 
hosts: Now I want to tell you something about what 


can be done to render the host immune or resistant to 
virus infection, and under this heading you will learn 


-about some of the greatest benefits which science has 
conferred upon mankind. | 


Vaccination 


_ This word probably implies to many ot you a process 
intimately associated with childhood, in which something 
was scratched into your arm in order to prevent you 
having smallpox. Indeed, that was the original use of 
the word, meaning that the virus of ‘“‘ Vaccinia” was 


used to produce an immunity to smallpox. In its modern 
_ sense, however, it means any form of inoculation 
designed to produce immunity to a disease. Before 


we discuss vaccination I must digress for a moment to 
explain a little more clearly what is meant by immunity 
and how the process works. Rivers has defined immunity 
as resistance to infection or injury and as demonstrable 


_. only in a living host. Such resistance may be natural 


or acquired. When a person has suffered from an attack 
of smallpox and recovered, he does not again become 


liable to another attack, and similarly with chicken-pox. 


These are rather extreme cases, and the immunity con- 
ferred after attacks of some virus diseases is much more 
transitory, as in herpes, influenza and the common cold. 
Now the explanation of this immunity is briefly this - 
in response to the presence of the disease agent, whether 


_ it be virus or bacterium, there is formed in the blood 
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ce 


ot body fluids a substance known as an antibode? 


- This antibody has the power of neutralizing and destroy- i 
- ing the particular virus or bacterium (antigen) which — 


called it forth. It is here that the genius of Jenner and ~ 


Pasteur come in; they were able to bring about the 
formation of these antibodies to ‘smallpox and hydro- — 
phobia, respectively, without making the patient — 


seriously ill. We shall come back to this point in a_ 


moment. 3 
The immunity which is produced by the injection of 


the disease agent itself, in whatever form it may be, is 
known as active immunity. This induces the inoculated | 


ea 


person, injected with a vaccine, to manufacture his own 
antibodies and thus become immune for months or _ 


years. Immunity can, however, be induced to a certain 
extent by using the serum from another person or animal _ 
convalescent from the same disease. This serum, which — 
is a fluid ‘separating out from clotting blood, contains © 
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the antibodies produced in response to the disease in| st 


question, and is quite different from a vaccine which — 
is the disease agent itself modified in some way. Such 
a type of immunity is known as passive immunity and | 


lasts only for periods of days or a few weeks. As anh 3 


the first type, there are various methods of treating the — 
disease agent before vaccinating the patient with it. 


Where the agent is a bacterium the more usual way is © 


me i! 
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to kill it, because of the danger of inoculating living — 
bacteria into a person, and viruses may be treated in\ 
the same way, although “killed” virus vaccines are ? 


not very efficacious. 
Let us now return to Jenner and Pasteur ; ; they did not 


** kill ’—1inactivate is a better ward thele viruses, but . 


used them in an altered or reduced state. Jenner found 


his virus already altered for him, that is to say he used © 


vaccinia virus which he got from a.cow. We know now 
that if you pass smallpox virus through a monkey or 


a calf you get vaccinia virus. Now how does this protect — 
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a person from smallpox ? Vaccinia and smallpox viruses | 
are very closely related, and both call forth in the blood 
5 the same antibody, but vaccinia is a mild virus. In other 
words, while it may spread slightly in the body the 
lesions almost always remain localized, but it neverthe- 
less stimulates production in the blood of the same 
antibodies as would be produced in the case of smallpox. 
itself and go gives the same immunity. 7 

Now Pasteur had to start from the beginning without: 
a ready-made vaccine and reason it out for himself: 
He finally obtained a weakened (attenuated) virus by 
subjecting the spinal cord of a rabid animal to a series. 
of drying processes. This weakened virus serves the 
same purpose of immunization as does vaccinia virus. 
- against smallpox. It is not known for certain exactly 


how the rabies virus is altered by this treatment, or if it. 


is altered at all. It may be that the drying process merely 
- reduces the concentration of the virus below the limit 
at which it will produce the disease while still retaining’ 
the power to stimulate production of antibodies. The 
exact mechanism, however, is rather obscure. Unlike © 
most forms of vaccination, this is given after infection 
-has taken place, i.e. after thé mad dog has bitten its. 
victim. 

We see, then, that the work of Jenner with sinus 
and of Pasteur with rabies showed that viruses could be 
changed, and that such changed viruses were able to 
confer immunity to these dreadful diseases. It seems as 
if passing a virus through animals which are not the 
natural hosts, or even through an unusual part of an 
animal which is, may produce a change in the virus. 
By using animals like the ferret and the mouse, changes 
have been induced in several such important viruses 
as those of yellow fever, equine ined Meade aa. and 
African horse sickness. 

In Chapter VI, I have described how viruses can be 
grown or cultivated in small pieces of tissue which are 
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themselves growing in a nutritive broth. Now oneim- _ 


‘portant discovery about the tissue culture of viruses is 
that in some cases a change takes place in the virus. 
Let us take two striking examples of this. If the virus 
of. yellow fever be passed through a number of mice 
in serial inoculations and then cultivated in tissue culture, 
the virus becomes modified and loses much of its viru- 
lence for man. A combination of these two processes 
has enabled more than a million people to be vaccinated 
against yellow fever. Our second example is influenza 
virus ; in this case the virus was cultivated on the mem- 
‘brane of a developing egg. After a considerable time, 
as I have already described in Chapter VI, the virus — 
became adapted to the chick embryo and seemed to 

lose its virulence for ferrets, mice and men. This opens 
up the possibility of immunizing human beings with a — 
strain of influenza virus which has lost its virulence but. 
still retains its power of forcing the production of 
antibodies. I should perhaps point out that much of 
this work is still rather hypothetical and many difficulties 
still remain to be overcome, and one of these difficulties 
perhaps, is the possibility of the virus mutating or chang- 
ing back again from a non-virulent state to a virulent 
one. As an appropriate conclusion to this paragraph 
I quote the following remark of Dr. Wilson Smith: “I . 
would like to emphasize that a healthy man has a natural 
resistance against most infectious agents, be they viruses 
or bacteria. Pathologists and research workers tend to 
forget that the first and possibly the most important of 
all preventive measures is the maintenance of good 
general health by ‘means of fresh air, exercise an 

-adequate nutrition.” 3 
_ Now, you may ask, what about immunity against the 
virus diseases of plants ? Cannot we vaccinate potatoes 
and tomatoes against the many viruses from which they 
suffer? The answer is no, because so far as we are ~ 


aware plants do not produce antibodies, although they ‘ : 
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do develop a rather unstable resistance to certain virus 
diseases, a point which I will explain later. : 
Apart from warding off the insect vectors of plant 
viruses what more can be done to save the crops? 
Quite a lot has been done already by the plant breeder 
in this direction and probably more will be achieved. 
It is the aim of the plant breeder to produce a plant which 
will combine resistance to a particular virus with the 
necessary qualities which make the crop a commercial 
success. Let me give you a few instances of this. Not 
long ago a virus disease (cotton leaf-crinkle), suddenly 
appeared in the cotton crops of the Sudan and caused 


tremendous havoc. It continued to do this for some 


years, until a variety of cotton was produced which was 
resistant to the disease. Similarly with curly-top of 
sugar beet in the U.S.A., the annual losses due to this 
disease were tremendous and in fact stopped the pro- 
duction of sugar beet altogether in certain areas. Now 
a curly-top-resistant sugar beet has been evolved which 
goes far to reduce the losses due to this virus. It does 


- not matter very much from the practical point of view 


what form this resistance takes. In some cases the plant 
itself may be resistant to the virus, in others the plant 
may be unpalatable to the insect vector of the virus ; 
for example the leaves are too hairy or too tough for 
the insect to penetrate. Whatever the actual reason for 
the immunity the practical result is much the same, 
for the crop avoids infection. 

Let me give you another example of how the slant 
breeder can help in the fight against plant viruses. 
Tobacco mosaic is a very infectious disease and causes 
severe losses every year to the tobacco grower. The 
virus rapidly permeates the plant and produces the 
familiar mottling and stunting characteristic of. this 
disease. Now there is a plant closely related to the 
tobacco plant, of which the scientific name is Nicotiana 
glutinosa. This plant reacts to the tobacco mosaic virus 
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in quite a different way from the tobacco plant. Instead 
of developing an “over all’? disease—systemic it is 
called—local spots or lesions are formed, and these 
only in the leaves actually inoculated with the virus. 
In other words, the virus is unable to move out of the 
leaf into which it was introduced, and the disease pro- 
duced is therefore practically negligible. Now the aim 
of the plant breeder is to produce a tobacco plant in 
which this power to restrict the spread of the virus is 
combined with those properties of the tobacco plant 
which make it commercially useful. Considerable pro- 
gress towards this goal has already been made in America. 
and a tobacco plant has been produced which has the 


power of localizing the virus in the leaf. It now remains 


to be seen how far this plant can be improved from the 
point of view of its smoking and other properties. 
I have mentioned previously that although plants do 


not form antibodies they do develop a certain resis- — é 


tance, in a sense a degree of “‘acquired immunity’, to 


some virus diseases. This is how it works: after a plant 


has been infected with a particular virus for some time 
it may “grow away” from the disease in the meaning 
that it no longer shows symptoms. Nevertheless the , 
virus is present in the tissues and the plant is to all 
intents and purposes now a “‘ carrier’, a phenomenon 
which I have already described. Such a plant cannot 
be re-infected with the same virus, though it can, of © 
course, be infected with other viruses. 

We can follow this sort of acquired bamunit in 
plants a step further. It sometimes happens that there 
exist two viruses which are very closely related, so. 
closely related that one is called a “‘ strain ’’ of the other 
It also may happen that of these two closely related 
viruses, one is a mild or a virulent strain while the other 
produces a severe disease. Now if the plant be first 
infected with the mild strain of virus, which may be so 
mild as to produce practically no symptoms, then the 
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plant: is immune to infection with the severe virus. 
You may say at this point that there is no difference from 
vaccinating for smallpox, but there are in reality great — 
- differences. First of all there is as yet no evidence of 
the formation of antibodies in plants comparable to 
those formed in animals. Secondly, this type of immunity 
in plants depends upon the universal presence of the 
_ mild virus in the tissues of the plant. In other words, 
- it seems to be a case of “first come first served”, and 
the second virus cannot enter so long as the first one 
is in complete possession of the field. If, however, as — 
sometimes happens, some part of the tissue is not com- 
pletely invaded by the first virus, then the second virus 
may gain an entry into the plant at that point. Even 
so, it will not be able to spread far if the rest of the 
tissues are permeated by the first virus. | 


CHAPTER X 


SPECULATIONS 


‘Nature makes so graduala transition from the inanimate to 
the animate kingdom, that the boundary lines which separate 
them are indistinct and doubtful.”,-—Arisrorze. 


IF*you, dear reader, have persevered so far with this — 


little book you may perhaps feel inclined to say : “ But 
what is a virus?” I have learned something of what 
viruses can and cannot do, but what are they and where 
do they come from?” | 

In order to try to answer this legitimate question I 
have endeavoured to discuss the various theories con- 
cerning the nature and origin of viruses, but in so doing 


I must draw your attention to the word which constitutes. 


the heading to this chapter. A consideration of the 


nature and origin of viruses almost inevitably leads to 


a discussion of the nature and origin of life, so that — 


speculation must obviously play a large part in such a 
discussion. : 

The question which the layman invariably puts to 
the virus worker is: “Are viruses living things?” 
One. reply to this question, of course, is : “‘ Define what 
a living thing is and I will tell you,’ because there is no 
exact criterion of life. 

We have seen already that viruses show certain acti- 


vities which are characteristic of living things; for 4 
example they have the power to multiply or reproduce - 
themselves and they also “‘ mutate.” or change into 


closely similar strains. Now you have learned in Chapter 


VI that it is possible to purify and concentrate certain — 


viruses until they become crystalline and behave in 

other ways like a chemical rather than a micro-organism. 

So you will be able to understand something of the 
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dismay of the biologist who must now readjust his ideas 
first to conceive of an agent, which although behaving 
like a chemical, yet has that fundamental attribute of : 
life, the power to reproduce itself ; and secondly, to 
revise his conception of what he means by a micro- 
organism. On the other hand, to be quite fair one must 
also consider the dismay of the chemist who may be 
forced to contemplate a mutating molecule ! 

We know that viruses are extremely small and that 
the majority of them are far beyond the resolving power 
of the best lenses which use visible light. Some, indeed, 
are so small as to be within the range of molecular size. 


_Now a molecule is defined as the smallest particle into 


which matter can be divided without changing its chemi- 
cal properties. Are some of the viruses, then, protein 
molecules which have the power of reproduction under 


certain conditions? If they are molecules, then. the 


particles of a given virus must all be identical in size 
and shape and must all have the same properties. 

The various modern methods of physical and chemical 
research, including the electron microscope, have shown 
us that the virus particle of tobacco mosaic is a rod of 


_ a definite thickness. The electron microscope, however, 


confirms a previous belief that those rods are not all 


~ of the same length, so that this virus does not fulfil our 


definition of a molecule. However, if we examine 
another virus, that of tomato bushy stunt, we get more. 
positive evidence as to whether the particles of a virus 


_can be all the same size. The particles of this virus have 


_been shown to be spherical in shape, and investigation , 


with the ultracentrifuge has proved the particles to be 
of uniform shape and size. So perhaps we shan’t be far 
wrong if we assume that some viruses are actually 
protein molecules possessed of certain definite biological 
activity. 

On the other hand, there are viruses, that of vaccinia 


for example and all the Rickettsia disease agents, which 
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are very much larger and cannot be regarded as single 


‘molecules. 


Another theory supposes the viruses to be true micro- ’ 


organisms which can only live a parasitic existence. 
Parasitism makes the parasite lazy, so that it throws 


more and more of the responsibility of living on its — 


host. In the case of the viruses we must assume that 


parasitism has been developed to such a pitch of perfec- 


tion that the virus is, in Laidlaw’s phrase, “ living a 
borrowed life.” In other words, the viruses give up 
making certain substances which are essential to life 
and instead filch these substances from the cells of the 


host. On this assumption, as we pass down the scale of | 
viruses and they diminish in size, we should suppose that ' 


Lae 


more and more factors essential for growth have been ~ 


lost. On this point Laidlaw says : “ The intermediate- 


sized viruses would have lost several essential ferment 
systems, and if we carry the suggested process to its \ 
logical conclusion we would find that the smallest. . 


viruses would have lost all ferments and all auto-synthetic 
potentialities. The diminution in size may in fact be 


a rough measure of the number of ferment systems lost.” 


If we carry this idea still further, then the more essential 


substances stolen from the cells of the host, the more ais 
damage will be done to the normal functioning of the 


cell. The smallest viruses would thus be expected to do 
the most damage since they, presumably having lost 
more, would require more of the essential ferments of the 
cell. There does not seem, however, to be much evidence 
either way on this point. 

' To sum up briefly, this theory assumes that viruses are 
merely very small micro-organisms which can live only 


a parasitic existence. These parasites have developed their 


parasitism so such an extent that they compel the cells of 
their host to carry on all the business of life for them and 


in the extreme cases, retain only the irreducible mini-— 


mum required to transmit the characters of the species. 
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We can, however, since we are merely speculating, 
_ go to the other extreme and assume that the viruses did 
not have an extraneous origin at all in the first place 
but are a product of the host itself. I have already 
briefly referred to this possibility in discussing the rela- 
tionship of viruses and tumours in Chapter VIL. I must 
admit that there is very little evidence to support this 
idea in regard to viruses as a whole, and especially so 
_ in the case of the animal viruses. In plants, however, 
_ there are certain cases which seem best explained on 
the assumption that the virus has in some way arisen — 
inside the host. “In Chapter IV, I have mentioned the 
_ interesting case of the King Edward potato. This potato 
_ variety invariably contains a virus which produces 
no visible effect upon the plant. Now; what are the 
_ peculiar features of this virus which suggest that it is 
_ not of external origin? In the first place, the virus is 

_ not transmissible from plant to plant by inoculation 

nor can any insect vector be found for it. It can only be 
_ transmitted by the purely artificial method of grafting. 
a Therefore it cannot spread naturally in the field from 
_ ~ King Edward potatoes to other potato varieties or other 
plants ; nor in fact does it do so. Secondly, this virus 

___ has never been identified attacking any other plant in 
__ the field. From consideration of these points the question 
naturally arises, How did the first seedling King Edward 
_ become infected? Here then is a phenomenon which 
could be most easily explained, by assuming that this 
virus is a constituent part of the protein of the King 
Edward potato. Incidentally I might mention here 
that attempts to free this variety of potato by means of 
irradiation with X-rays and heat treatment have so far 
failed. ; , 

What other circumstantial evidence is there suggesting 
that in some cases a plant may produce its own virus ? 
Plant virus workers who handle large quantities of 
__ different kinds of plants, many of them growing under 
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artificial conditions in glasshouses, sometimes encounter 


a “new” virus which seems to develop spontaneously 
in certain plants, particularly the tobacco plant. This 
phenomenon can be explained in some cases by postula- 
ting a “* mutation ”’ from a virus already present in the 
plant, but this explanation will not suffice in every case. 

Be this as it may, no one has yet conclusively demon- 
strated that a virus can arise de novo inside a plant, 
but this may be because no one has yet discovered the - 
right stimulus for virus formation, and so for the present 
we must leave the matter. | 

Before I finish this short discussion on the possible — 
nature and origin of virus I must mention a theory which 


suggests a connexion between a virus and the unit of — 


_ heredity, the gene. The gene may be described as the 
primary living particle and it controls the phenomenon 
of Mendelian inheritance. It has the power to multiply 


in so far as it duplicates itself every time the cell divides. \ Ra 


The gene is thought to be a particle of a size comparable 
to that of some viruses and it is contained within the 


chromosomes of the cell nucleus. (The chromosomes 


are the paired structures carrying the genes and they 
occur in the nucleus of a cell about to divide.) Now you 
may ask what are the reasons for suggesting that the 
virus and the gene may be closely connected? There 
is a striking similarity between the properties of those 
viruses which have been purified and the properties 
attributed to genes. Both are thought to be of the same 
kind of protein—a nucleo-protein—and thus their 
chemical characteristics resemble those of the nucleus 


in the living cell. Again, both can “‘ mutate ’ or in other | 


words undergo sudden changes which are reproduced 
in subsequent generations. These mutations can be 
spontaneous or they can be induced experimentally by 
means of irradiation with X-rays. The original theory 


connecting genes and viruses suggested that the virus — 


was actually a loose or free gene which had become 
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Separated from the nucleus and developed uncontrolled 
multiplication. Another possibility is that the virus is 
derived from the chromosomes of the nucleus, the genes 


ag _ being affected in some way so as to start the production 


of virus. 

How, then, you may ask, are we to regard the viruses ? 
Perhaps for the present the best we can manage is a 
compromise in which we look upon the viruses as a 
kind of chain connecting such things as bacteria, which 
we regard as truly “living,” with chemicals which we 
regard as “‘ non-living.”’ The links at the chemical end 
of the chain would consist of the viruses of tomato 
bushy stunt and tobacco mosaic and other viruses of 


_ this range and size, while the links at the other end of | 
~ the chain would consist of large viruses like those of 


Psittacosis and Vaccinia and also the Ricksettsiz. 
So after all we have not got very far from Aristotle’s 
suggestion quoted at the head of this chapter. 
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MAN, MICROBE AND MALADY | 
by Dr. John Drew \ oe ARS 
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Written by a bacteriologist for laymen, this book is sufficiently — 
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detailed to be of interest also to medical students and general 


practitioners. It describes the various kinds of disease-producing — 
_ bacteria, how they live and multiply, how they invade the tissues, _ 


and how the human body is equipped to resist them. It explains how 
bacterial infection may be combated, and how vaccines, serums 
and antitoxins are used in preventing and curing bacterial disease, 


“His style is clear and direct, he maintains interest by frequent references to his 
7 q 


own experiences, he explains the technical terms he is obliged to use, and he betrays — 


a sense of humour.’’—Times Educational Supplement. 


THE PERSONALITY OF ANIMALS | aie 
by H. Munro Fox. . * 
A biologist’s views on the senses, minds and personalities of animals. 


with a summary of the most important results of recent scientific 
investigations in this field. 


7 AFB | 


* 


a 


~ “ é A et 7 
How, do you think, does a screech owl see ? The * © 
What sort of clock keeps time for the bee ? The % Pry 
Why does the pigeon strike for home ? xk Py 


Can a hen tell the colour ofa scarlet comb ? 
How does the fish, in his midnight swim, 
Steer clear of the rocks that encompass him ? 
Can he hear your voice? Will he come at call ? 
Has a digger wasp any brains at all ? 
What can induce the eel to shove 
Off on a journey of death and love ? 
Which wears the breeches, hart or hind ? 
Did you know that your dog was colour-blind ? 
These are the things, all strictly true, 
~ Which Munro Fox has explained for you, 
In a Pelican Book which is bound in blue. 
] —The Lancet. 
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by J. V. Durden, Mary Field and F. Percy Smith As | > 


Many people who have seen ‘“‘ Secrets of Life ”’ films want to know 
more about the natural processes of animals of which they have had 
on the screen an all-too-short glimpse. This book is not a text-book, 
but an attempt to introduce to a wider public some of the fascinating 
creatures about which films have been made. 


“A very excellent primer ofinvertebrate zoology .. . for all who are interested 


in and would understand something of the lower forms of animal life. The remark 


word of Praise.”’—Photographic Journal. 
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eat success. No one should be deterred by their formidable statement 
t New. Biology aie Gas light reading.’ It is not; it is exciting, 


teresting and worth while.’’—Birmingham Post. 
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growing number of people who are inzerested to read further and 
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2 a small section of serious science easily and cheaply available to the 


f itis is a valuable experiment.’’—John O’London’s Weekly. 
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